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BEFORE any laboratory is competent to carry out com- 
plement fixation tests a thorough acquaintance with a re- 
liable hemolytic system is obviously essential to success. 
We propose to deal first with the hemolytic system, then 
with various factors of importance in the ice-box method 
or what we propose to call “the cold method,” and finally 
to consider the results by various methods and by the 
flocculation test as carried out by Dreyer and Ward. 


The Haemolytic System. 

It seemed to us desirable to prepare a suspension of 
washed red cells which was approximately constant and 
the usual methods are not accurate. The following method 
adds only about ten minutes to the usual preparation 
time. 

(i.) Make up an ample supply of one in twenty saline 
solution suspension of thrice washed red cells from de- 
fibrinated sheep’s blood. 

(ii.) Mix well; take 0.5 cubie centimetre into a gradu- 
ated cylinder or test tube and make up to 12.5 cubic centi- 
metres with saline solution. 

(iii.) Mix well; pipette a drop on to a blood counting 
slide and count three or more sets of sixteen squares. If 
three sets are counted, the number of red cells in the 
standard suspension is two hundred and forty. If, for 
example, three hundred and twenty are found, the sys- 
pension. is three hundred and twenty over two hundred and 
forty too strong and 33.3 eubie centimetre of saline solu- 
tion will be added to each one hundred eubic centimetres of 
suspension. This standard selected by us contains ap- 
proximately five hundred thousand cells per cubic centi- 
metre. 

We have found it difficult to keep red cells for the 
Wassermann test. The preserved cells supplied from the 
Commonwealth Serum Laboratories and said to be kept in 
Locke’s solution, have been used by us in hemolytic ex- 
periments after six months, but we are unable to state 
whether they are satisfactory as a substitute for fresh 


red cells in the Wassermann test. The hemolysin (ambo- 
ceptor) prepared by the above laboratories has been 


found satisfactory. Ampoules are only opened as re- 
quired and batches with new label number are titrated. 
In the original Wassermann method a small excess of 
hemolysin was used (about two minimum hemolytic 
doses), but English workers (Harrison, Griffith ard Scott, 
McIntosh, Fildes) have favoured from five to twelve 
minimum hemolytic doses. Graph I. shows the results 
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GRAPH I. 


Titrations of Haemolytic Serum and Determination of the Excess 
Unabsorbed by the Corpuscles. 
Standard emulsions of corpuscles were added to equal amounts of 
above dilutions of Haemolysin, and placed in ice box for 24 hours. 
Half of each batch of sensitized cells was then added im 1 cem. 
amounts to diminishing doses of complement and extent of haemo- 
lysis is expressed by each taller line (on the left). The other half 
was allowed to settle for another 24 ‘hours and was then centrifuged. 
The supernatant fluids were then added to same amounts of crude 
corpuscles and then to complement dilutions, The extent of haemo- 
lysis is shown by the right-hand lines (shorter). 


of a series of titrations of complement against standard 
red cells sensitized with falling amounts of hemolysin. 
The batches of sensitized cells were placed in the ice-box 
(temperature 2° to 4° C.) for twenty-four hours, then 
well mixed and each divided into two portions, one of 
which was added to falling doses of complement and the 
end points determined (taller ordinates). The other por- 
tions were replaced in the ice-box till the next day, then 
centrifuged and the supernatant fluids added to identical 
amounts of crude washed corpuscles. Each batch was 
then added to falling doses of complement and the end 
points determined (shorter ordinates). It will be seen 
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that one in two hundred hemolysin gives maximum sensi- 
tization and the excess lying free is definitely less than 
when one in one hundred is employed and a Neisser- 
Wechsberg type ot” deviation by excess of amboceptor is 
not likely to oeeur. According to this experiment, there- 
fore, one in two hundred or somewhere between one in 
two hundred and one in four hundred is the optimum 


dilution of this hemolysin, where maximum sensitization. 


is desired (in our method equal parts of this dilution and 
standard suspension are mixed, so that the final eoneen- 
tration in the sensitized corpuscle suspension is one half 
the above). It is obvious that the labelled titre of pro- 
prietary hemolysins means nothing unless the method of 
titration is known. 


Time in minutes 


GRAPH II. 
Titration of Fresh Complement in Water Bath at 37deg. C. 


Complement varies in hemolytic power in different 
guinea pigs and its titre seems to be depressed for periods 
as if there were some general influence on the stock. Kept 
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GRAPH II. 
Comparison of Fresh Complement with the same after 30 hours at 
- approx. Odeg. C. 
Continuous line indicates fresh complement. 
Interrupted line indicates same complement 30 hours later (kept 
about Odeg. C.). : 


frozen in a “Thermos” flask, its titre does not drop much 
as a rule within forty-eight hours. Graph II. shows the 
end point and rate of hemolysis of a complement against 
standard sensitized red cells. Hamolysis was complete | 
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GRAPH Iv. 
Comparison of Fresh Complement with the same after 24 hours at 
approx. Odeg. C 
A indicates fresh. 1 M.H.D. is .006 c.c. 
B indicates same kept at 0 deg. C. approx. 24 hours later. 1 
-H.D. is .012 c.c. 
Therefore 4 M.H.D. is .025 ec, now 2 M.H.D. A depreciation 
of 50 per cent., or 2 .H.D. 


with the larger doses in three minutes and practically 
ceased in tubes with smaller doses in thirteen minutes. 
Some complements appear to be slower in action and the 
end point is not found till later. 

Graph III. shows that the complement kept frozen did 
not appreciably fall in titre in thirty hours, whilst in 
Graph IV. there is shown a distinct fall in rate of he- 
molysis and in end point of another complement after 
twenty-four hours. These variations are, of course, of 
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GraPH Vv. 
Absence of anti-complementary effect of dilute cholesterinized antigen 
when the exposure is very short . 
; Titration of Complement. 
Two sets of dilutions of one complement were put up, saline added 
to one set (continuous line), Bordet’s Extract and cholesterin added 
pe gl (interrupted line) and then sensitized corpuscles immediately 
added. 


The strength of the extract was 1.0 cc. plus .1 cc. of cholesterin 


in 60 cc, saline. 


Increasine doses of complement 
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importance in the cold method in which the complement 
must be kept for twelve to eighteen hours before its 
hemolytic action is to be exerted. 

In Graph V. is shown a comparison between a simple 
complement titration and an identical set to which were 
added single doses of antigen (Bordet and Ruelen’s ex- 
tract, one eubie centimetre, plus 0.1 cubic centimetre, 


complement 
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GRAPH VI. 
Effect of Dilute Cholesterinized Antigen on Complement. 
1 hour’s exposure at 2-4deg. C 
Two sets of dilutions of one complement were put up, saline added 
to one set (continuous line), Bordet’s Extract and cholesterin added 
to other (interrupted line), both placed in ice box for one hour and 
then sensitized corpuscles added. . 
M.H.D. is .012 cem. 


B. 3M.H.D. is .05. 
Therefore a reduction of 4 M.H.D. to 3 M.H.D. 
more complement) is necessary. 


(or one-third 


cholesterin in sixty cubie centimetres of saline solution). No 
appreciable effect was produced where, as here, no ap- 
preciable time elapsed before the sensitized corpuscles 
were added. The anti-complementary action of dilute 
cholesterinized antigens takes an appreciable time. 
although we found a definite depreciation in half an hour 
at 2° to 4° C. in one experiment and in one hour in an- 
other experiment (see Graph VI.). 
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GraPH VII. 

Variation in Sensitiveness of Nine Different Complements to a 
Dilute Cholesterinized Antigen. 

These figures above ordinates show percentage increase in comple: 
ment required to effect haemolysis when comp. has been exposed to 
antigen in ice box for 10-17 hours. 
Titration of 9 complements to show varying sensitiveness to Bordet’s 
extract and cholesterin. The taller lines on left give the end pts 
without antigen, the shorter ordinates give the end pts when antigen 
is present. The tubes were placed in ice box for about 11 hours in 
the case of five complements, for about 17 hours in the case of the 
remainder, and sensitized corpuscles then added. 


Graph VII. shows the effect of dilute cholesterinized 
antigen on nine different complements, the length of ex- 
posure being, in the case of five for eleven hours and in 
the case of four for seventeen hours and the tem- 
perature 2° to 4° C.. The taller ordinates show the end 
points of the fresh complement and the shorter ordinates 
the end points after exposure. The figures above express 
in percentages the additional amounts of the same com- 
plement required to effect the same amount of lysis as 
did the fresh complement. The variations were from 16% 
to 100%. 

In another series of experiments the effect on comple- 
ment of varying the relative amounts of extract and 
cholesterin was studied, but no very striking differences 
in end point were noted between eight parts to one, four 
parts to one, two to one and equal parts, provided that 
the absolute amount of cholesterin in the antigen was not 
increased. If the amount of cholesterin is inereased, 
whilst the amount of extract is kept constant, the de- 
preciation of complement increases, though the presence 
of normal inactivated human serum tends to protect it 
and this protection is of great importance in the Wasser- 
man test. In one careful experiment, it was found that 
of four minimum hemolytic doses of complement ex- 
posed to Bordet and Ruelen’s extract four parts, choles- 
terin one part (the dilution of the latter being one in three 
hundred), for a period of twelve hours at 2° to 4° C., no 
less than 2.3 minimum hemolytic doses had disappeared, 
only 1.6 remaining. 

In the actual Wassermann tests, however, the protective 
effect of the sera to be tested comes into play and we 
are able to use smaller doses of complement. If one is 
working with a sensitive system in the sense of having 
only a little excess complement, one will often find that 
the antigen controls (containing no serum) will not show 
hemolysis, although all the sera may completely fail to 
yield reaction. And further we are of the opinion that 
“very weakly positive” sera will not always produce as 
much fixation by such sensitive methods as does the anti- 
gen alone and one wonders whether such sera should be 
described as “very weakly positive” sera or sera lacking 
in protective effect on complement. These sera very com- 
monly come from treated patients and the evidence is in 
favour of the specific nature of this very weak reaction 
if the serum itself is not anti-complementary. 

We have tried many variations in the proportion of 
extract to cholesterin and were not able to determine any 
optimum relation for all sera. At present we are using 
a proportion of four parts of extract to one of choles- 
terin, as contrasted with Griffith and Scott who use equal 
parts, but we do not regard this question as closed. For 
quantitative results we have tried using falling doses of 
antigen in the test; we have also tried falling doses of test 
serum, but we are still using varying doses of comple- 
ment and keep other reagents constant. This question is 
also open for discussion. 


Comparison of Warm and Cold Methods with 1227 Sera. 


These sera did not by any means all come from patients 
with syphilis; many were examined more or less as a rou- 
tine hospital measure to exclude syphilis. Many tests 
were done as a check on treatment. In 90% of sera ap- 
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proximately identical results were obtained by both me- 
thods, that is to say, 69% were frankly “negative” and 
21% fixed the maximum dose of complement used (five 
or six doses only). Considerable difference between end- 
points by the two methods might have been disclosed if 
this had been attempted, but we have not made this a 
routine, because by our method it would have necessi- 
tated the use of very large numbers of guinea pigs. In 


TABLE I. 


MerHop 
Number 


Per centage 
Cold 


10% of sera divergent readings were obtained and 9.6% 
of these gave more fixation by the cold method than by 
the warm. We believe that all of these are really “partial 
positives” and that the greater length of time during 
which the serum and antigen interact in the cold method 
(twelve to eighteen hours) allows more fixation of com- 
plement than in the warm method (one hour). Very oec- 
casionally a “weakly positive” serum will give more fixa- 
tion in the warm than in the cold (the same complement 
being used) and we endeavoured along these lines to find 
some qualitative difference between “Wassermann  sub- 
stance” in different sera, but we came to no definite con- 
clusions. 

In another series of one hundred sera that were “posi- 
tive’ in some degree by the cold method, 68% were 
“strongly positive” by the warm method, 16% were “weak- 
ly positive’ by the warm, though “strongly positive’ by 
the cold, 9.7% were “negative” by the warm, though 
“strongly positive’ by the cold, and 5% were “negative” 
by the warm, though “weakly positive” by the cold. 

Of forty-eight sera in one series which gave a reaction 
by the cold method and failed in the warm, nineteen were 
from treated patients, six were primary syphilis, six were 
tabes and the remaining seventeen were from patients 
presenting very varying clinical pictures. 


Criticisms of Recent Comparisons of the Wassermann Test 
With the Flocculation Test. 
In a recent publication by the Medical Research Council 
(1), Dreyer, Ward, McIntosh and Fildes conclude: 


(1) That an approximately equal number of positive 
results is obtained by the Wassermann and 
“Sigma” reactions in untreated cases of manifest 
syphilis. 

That in treated cases the “Sigma” reaction gives 

a larger number of positive reactions than the 

Wassermann reaction. This is particularly ob- 

vious in eases giving readings of small “Sigma” 
unitage. 

Their tables (page 8) show that of four hundred and 

forty-six “eases” of syphilis, treated and untreated, and 

including forty-one cases labelled “serological syphilis,” 


61% gave a Wassermann reaction and 73% a “Sigma” 
reaction (positive flocculation). The latter method picked 
up reactions, therefore, in 12% of “cases” in which the 
Wassermann test failed. This comparison is of slight 
importance because the Wassermann tests were carried 
out by Melntosh and Fildes separately, but both by the 
warm method and the latter fails in comparison with th. 
cold method for the same reason that the warm method 
fails in comparison with the flocculation test. The reason 
is to be found in the time of interaction of serum and 
antigen. MelIntosh and Fildes gave one hour at 37° (¢, 
whilst Dreyer and Ward took readings after twenty to 
twenty-two hours and after forty to forty-four hours in 
a water-bath at 37° C.. This is obviously quite unfair 
to the Wassermann test and it is somewhat surprising 
that such a comparison should have been made. We do 
not in any way wish to question the value of the floccula- 
tion test nor the useful and careful work of Dreyer and 
Ward in this connexion. 
Reference. 

(1) Medical Research Council, Special Report Series, 
No. 78, 1923. “The Serum Diagnosis of Syphilis; the 
Wassermann and Sigma Reactions Compared.” 


THE EFFECT OF VARIATIONS IN FIXABILITY OF 
COMPLEMENT ON THE WASSERMANN 
REACTION. 


By C. H. Suearman, M.B., 
Sydney. 


I propose discussing the relation which variation in the 
behaviour of complements bears to the result in the 
Wassermann test. It has been recognized for some time 
that the two functions of complement in the reaction, that 
is hemolytic activity and fixability, are independent of 
each other. 

For this reason complement is of all the reagents used 
in the test the most difficult to standardize and therefore 
variations in these activities as manifested by different 
complements are most likely to prove an important factor 
in the production of discrepant or varying results. 

Standardization of complement in regard to hemolytic 
activity has for long been practised as a preliminary to 
determining the dose to be used in the test proper— 
sensitiveness to antigen alone being also estimated at the 
same time. 

Recent work has, however, shown that, provided selected 
guinea pigs are used for the supply of complement, varia- 
tions in hemolytic activity fall within well defined and 
narrow limits and that such variations have little effect 
on the result of the Wassermann reaction and ean be dis- 
regarded. Further, it has been shown that sensitiveness 
of complement to antigen alone and specific fixability in 
the test proper do not run parallel, for example, a com- 
plement which is abnormally sensitive to antigen as deter- 
mined in the preliminary test, may be less fixable, that 
is give a weaker Wassermann reaction when compared 
with an insensitive complement used in the same amount. 
A further difficulty has been added by the introduction of 
the ice-box method of fixation in which, owing to the pro- 
longed period of fixation, preliminary standardization of 
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complement as regards hemolytic activity or sensitiveness 
to antigen is precluded. For these reasons “the method 
of adjusting the amount of complement so that it may 
represent an arbitgry standard of hemolytic activity both 
alone and in the presence of antigen cannot be relied upon 
to produce uniformity of results in the Wassermann re- 


action.” 

Griffith and Scott, who recently carried out a most com- 
prehensive investigation into the réle of the various fae- 
tors concerned in the reaction, advocate the use of a fixed 
dose of complement, the latter being obtained from healthy 
male guinea pigs only. As they point out, the use of a 
quantity considerably in excess of the minimum comply- 
ing with the necessary requirements involves a diminution 
in the delicacy of the reaction with consequent failure to 
detect certain cases of syphilitic infection. “Such an ex- 
cess also tends to exaggerate the inevitable variations in 
the result which depend upon inherent differences in the 
fixability of complements.” The standard dose recom- 
mended is 0.01 cubie centimetre used as one volume (0.25 
cubic centimetre) of a one in twenty-five dilution, no at- 
tention being paid within certain limits to the hemolytic 
activity or to sensitiveness to antigen alone. 


In actual practice I have found this amount to represent 
approximately two minimum hemolytic doses of comple- 
ment measured in terms of hemolytic activity, provided 
that healthy male pigs only are used. (I take the further 
precaution of starving the animals for twelve or eighteen 
hours before killing them). 

The irregular sensitiveness to antigen alone, though as 
Griffith and Seott point out it is only exceptionally a 
special disturbing factor, is obviated by using an antigen 
which rarely shows anti-complementary properties. 


TABLE I. 


doubtedly increased the delicacy of the reaction, but even 
if the standard dose be used as suggested, variations in 
result may be obtained with the one serum when tested 
with several different complements in the presence of the 
same antigen suspension. These variations, regarded by 
Griffith and Scott as inevitable, are due to differences in 
the ease with which the various complements are fixed in 
the specific reaction. So long as variations in fixability 
are not extreme, the test results will not differ to any ex- 
tent, but occasionally complements are met with of such 
low powers of fixability that, unless the technique can be 
adjusted to compensate for, such a possible contingency, 
discrepant and incorrect results will obtain. 

The following experiments will illustrate the different 
degrees of fixability shown by different complements and 
will help to make clear the reasons for a suggestion to be 
made below, for adjusting the technique so that some in- 
dication may be obtained of the degree of fixability of 
complement in carrying out the reaction. 


If one titrates an antigen separately with each of several 
complements in the presence of the same positively re- 
acting serum, it is noted that the minimal dose of antigen 
that will effect complete inactivation varies with the dif- 
ferent complements. 

This minimal dose of antigen is spoken of as the anti- 
genic unit. 

In Experiment I. a syphilitic serum was tested in this 
way with four different complements, a Noguchi extract 
with cholesterin added being used as antigen. The same 
amount of patient’s serum was used in each tube and the 
dose of complement was 0.01 eubie centimetre throughout. 

The results shown in Table I. with the various dilutions 
of antigen were obtained. 


Comparison of four complements in respect of capacity to be inhibited by antigen + a syphilitie serum. 


Complement Volume Antigen (Noguchi extract + 1% cholesterin in parte) diluted under - 
Designa- Volume] Serum | in 2940 | 1in 2560 | 1in 2880 | 1in 3200 | 1in 3520 | 1in 3840 | 1in 4160 | 1in 4480 | 1in 4800 
tion Diluted 
1: 25 1:5 0 0 0 0 0 0 Tr. pl 1+ 
B 1: 25 1:5 0 0 Tr. 1+ 14 24 34 34 34 
c 1- 25 1:5 0 0 0 Tr. Tr. 14 1+ 14+ 2+ 
D 1: 25 1:5 0 0 0 I+ 2+ 


One volume of syphilitic serum (one in five) and one volume of complement (one in twenty-five) were used in 


each test. 
sensitization) was added. 


Fixation in the ice-chest was for eighteen hours—then one volume of the sensitized cells (maximal 


= No hemolysis, supernatant fluid quite clear when corpuscles have settled. 


Tr. = Trace of hemoglobin in the supernatant fluid after the corspuscles have settled. 


_14 = One-fifth of the cells lysed. 
24+ = Two-fifths of the cells lysed. et cetera. 
( = Complete lysis. 


An acetone—soluble—free extract prepared either ac- 
cording to the method of Noguchi or Bordet and Ruelen 
is used, to whieh eholesterin in known amount is added 


immediately before use. 


The avoidance of an excess dose of complement has un- 


The complements titrated alone for hemolytic activity 
gave the minimum hemolytic dose as follows: 
Complement A. 0.005 ¢.em. (= 0.25 e.em. of 1 in 50) 
Complement B. 0.004 e.em. (= 0.25 e.em. of 1 in 60) 
Complement C. 0.005 e.em. (= 0.25 e.em. of 1 in 50) 
Complement D. 0.004 (= 0.25 ecm. of 1 in 60) 
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None of the complements were sensitive to antigen in a 
concentration of the latter as high as 1 in 640, with the 
minimal hemolytic dose of each complement. 


The experiment shows that complement A. is more 
readily fixed than any of the others, so that complete in- 
activation occurs with a dilution of antigen up to 1 in 
3,840. Complement B exhibits the lowest degree of fixa- 
bility, inactivation occurring only up to a dilution of 1 in 
2,560. It is obvious that this divergence in results is not 
due to differences in emolytie activity for complements 
A and C have the same hemolytic value, the dose used 
of these two representing two minimum hemolytic doses 
in each case. Yet we find the antigenic unit with the one 
is 1 in 3,840 and with the other 1 in 2,880. 


minimum hemolytic doses being used in each case (see 
Table IT.). 

This experiment is also of interest as it shows that the 
complement of higher lytie activity is more readily fixed 
and therefore produces less hemolysis than the comple- 
ment of lower lytic activity and illustrates well the fallacy 
of attempting to compensate in the test for differences in 
hemolytic activity by using less of the more active com- 
plement without having some knowledge of its fixability. 

Experiment No. III. shows similar variations in fixa- 
bility when complement is used in excess with a crude 
antigen (see Table ITI.). 

In this experiment complements A and C were of equal 
lytie power, but differed from complements B and D 


TABLE Il. 
Comparison of two Complements in Respect of Capacity to be Inhibited by Crude Antigen plus a Syphilitie Serum. 


CoMPLEMENT Syphilitic ANTIGEN 
Designation| _M.H.D. — Serum 1,50 1:60 1:70 1:80 1:90 1:100 
0 0 0 Tr 1 


A 2 0.008 1;5 0 


B 2 0.019 1;5 0 


ae. 1+ 2+ 4 


The antigen was McIntosh and Fildes’s with 1 per cent. cholesterin (3:2). 


One volume of sensitized cells was added after eighteen 


‘hours’ fixation in the ice chest (maximum sensitization) . 


The same difference is noted with complements B. and 
D which are equal in hemolytic value and it is seen that 
hemolysis proceeds with much greater rapidity with com- 
plement B in the higher dilutions of antigen than with 
complement D, that is in all dilutions of antigen comple- 
ment D exhibits a greater facility for becoming fixed in 
the specific reaction. 

The next experiment illustrates the same difference in 
fixability when crude antigen is used. The antigen of 
McIntosh and Fildes was used with 1% cholesterin added 
in the proportion of three parts of extract to two parts 
of cholesterin. In this experiment the dose of comple- 
ment used was adjusted to the haemolytic activity, two 


which were also equal in lytic activity. Yet complement 
€ is fixed more readily than complement A and comple- 
ment D more readily than complement B . Complements 
B and C though differing in lytic activity, were each fixed 
to the same degree in the specific reaction and this whether 
three or four minimum haemolytic doses were used. 


If a cholesterin free antigen is used, such as the Bordet 
and Ruelen antigen, the same variation in fixability is 
noted. 

It is obvious from these experiments that the antigenic 
value of any antigen varies with the fixability of the com- 
plement with which it is used, the antigenic unit in each 
case being dependent on this activity of complement. This 


TABLE III. 
Comparison of four Complements in Respect of Capacity to be Inhibited by Crude Antigen plus a Syphilitic Serum 


when excess of Complement is used. 


CoMPLEMENT 
Designation M.H.D. — yphilitic Serum 
3 0.018 Lb 
4 0.015 
i 0.018 1:5 
3 0.015 Ld 
$ 0.024 Lb 
4 0.020 Lb 
4 0.024 1:5 
0.020 1:5 


ANTIGEN 

1:30 1:40 1:50 1:60 1,70 
0 0 ae: Tr. 1+ 
0 0 0 Tr. Tr 
0 0 Tr Th 
0 0 0 0 Tr. 
0 Tr Tr 3 4+ 
0 0 Tr 
0 0 Tr 3+ 4+ 
0 0 0 Tr. Tr 


The antigen was McIntosh and Fildes’s with 1 per cent. cholesterin (3:2). | le of © 
after eighteen hours’ fixation in the ice chest (maximum sensitization), 


One volume of sensitized cells was added to all tubes 
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TABLE Iv. 
Comparison of Two Complements in Respect of Capacity 
to be Inhibited by Cholesterin-free Antigen and Syphilitic 
Serum. 


CoMPLEMENT ANTIGEN 


Syphilitic}_ 
Designa-|M.H.| Volume | Serum | | 1.800 | 1.960 !1.1120 
tion D. c.cm. 


A 2 0.01 1:5 0 0 Tr. Tr. 
B 2 0.01! 1:5 0 0 0 Tr. 


The antigen was Bordet and Ruelen’s without cholesterin. One 
volume of sensitized cells was added to each tube after eighteen 
hours’ fixation in the ice chest (maximum snsitization) . 
offers a means for standardizing antigen in the direction 
of determining its unit of antigenic value for what might 
be regarded as normal complements, id est complements 
with a normal range of fixability, and for some time now 
I have been using this method in standardizing the antigen 
I use. 

Experiment No. III. shows that the four complements 
used, though differing in power of fixability, showed no 
obvious variation. These may be regarded as normal com- 
plements. 

Experiment No. I. shows one complement (complement 
A.) with a high degree of fixability, but in the other three, 
variation is only slight, and since abnormal complements 
are rarely encountered, it may be taken that the three 
complements B, C. and D. are of normal range. 

The antigenic unit for any particular antigen is deter- 
mined by titrating out the antigen with a fixed dose of 
four or more complements in the presence of one (or 
more) strongly reacting serum. For this purpose I used 
pooled serum from several untreated persons suffering 
from active syphilis. The dose of complement used in 
this titration must be the same as that used in the re- 
action and the method is impracticable if the dose of 
complement is varied on each oceasion to represent an 
arbitrary standard of hemolytic activity. Using several 
complements the average antigenic unit of the antigen 
can be determined with complements of normal range otf 
fixability. 

With the Noguchi extract which I use with 1% choles- 
terin added in equal amount, the antigenic unit has been 
remarkably constant with several different antigens and 
ranges betweena 1 in 4,800 concentration and a 1 in 5,120 
o> an average of 1 in 5,000. In the test proper ten times 
the antigenie unit is employed, this dose being based on 
the results of Kolmer’s work in this respect. The dose of 
this antigen used in the test proper is, therefore, one 
volume (0.25 eubie centimetre) of a 1 in 500 suspension. 
With such a dose one would expect that with strongly 
reacting sera complete inactivation will oceur with all com- 
plements whose range of fixability lies within a concen- 
tration of antigen of 1 in 500 to 1 in 5,000. 

With weakly. reacting sera, however, a complement 
whose antigenic unit with a strongly positive serum ap- 
proximated the 1 in 500 concentration (that is a comple- 
ment of extremely low power of fixability), may be ex- 
pected to fail to show any binding in the reaction. With 
a view to ascertaining if this were so, I have for some 


little time included an extra row of tubes in the test in- 


which the dose of antigen is twenty-five times the anti- 
genic unit (= 1 in 200 with the antigen described above). 

Though I have only had the opportunity of testing a few 
sera in this way, the results appear to justify the pro- 
cedure. 

In a series of one hundred tests carried out during the 
past four months, five complements have been met with 
out of a total of twenty-four used which appear to have 
been abnormally low and with which evidence of any re- 
action to the test was only obtained (in the case of weakly 
reacting sera) in the extra row containing the dose of 
antigen equal to twenty-five antigenic units. If the tubes 
containing a dose of antigen equal to ten units show com- 
plete lysis and the extra tube mentioned shows hamper- 
ing, then the serum should be re-tested with another com- 
plement, the inference being that the first complement 
used was of low fixability. This will be confirmed at times 
by a weaker reaction occurring in the positive control 
tube, as has happened twice in my series. 

On repeating these sera on each oceasion with another 
complement definite evidence of reaction was obtained in 
the tubes containing the weaker suspension of antigen. 

The results are shown in Table V. 


TABLE V. 
First Occasion of Testing—Re-testing with Different 
Complement. 
Row Row 
I{ 2) 3 4] | 2 | a 4 
| 
No. 34 C Cc 2+ Unable to repeat 
pe. | c 0 Tr. | 
No. 4833 C | C | c o |1I+] 
A.J. c © c 0 0 0 
No.79 C 0 | 0 0 0 


Row 1 == Serum control tube (complement 0.005 ¢.cm.) 

Row 2 = Serum 1 in 5; antigen ten units (complement 
0.01 ¢.em.) 

Row 3 = Serum 1 in 10; antigen ten units (complement 
0.01 ¢.em.) 

Row 4 = Serum 1 in 5; antigen twenty-five units com- 
plement 0.01 ¢.cm.) 


In each of the above cases the clinical history was 
strongly in favour of a syphilitic infection being present, 
yet on the first occasion of testing it would have been re- 
garded that the serum had not reacted or in two cases 
that the reaction was doubtful, but for the hampering 
which oceurred with the stronger concentration of antigen. 


As a result of the experiments carried out by me 1 
have come to the conclusion that discrepant results may 
oceur even when a highly sensitive technique such as that 
of Griffith and Scott is used, this diserepaney being due 
to differences in fixability «f complement. A_ possible 
means of obviating this is to standardize the antigen on 
the lines suggested and in the test proper to include an 
extra row of tubes—one for each serum—in which a dose 


of antigen is used equal to twenty-five times the unit. 
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Any sera which show hampering in this tube should be 
retested with another complement. 

The control tests to insure that the lytie activity of com- 
plement and sensitiveness to antigen alone are not abnor- 
mal, are put up as suggested by Griffith and Scott, an 
extra control row being included for the larger dose of 


antigen. 


Dr. C. Bapuam referred at some length to the methods 
employed at his laboratory. He favoured the method of 
Griffiths and Scott. He made a plea for the adoption of 
a standard method in conjunction with any other method 
which might be used in laboratories. Such a method could 
with many advantages be that of Griffiths and Seott. If 
the divergence of results of the test from different labora- 
tories continued the confidence of practitioners would be 
shaken. The speaker did not wish to see any one test em- 
ployed to the exclusion of all other's, but only one standard 
test as he had indicated as a final court of appeal. He 
described his technique in performing the test. 

Dr. R. J. Butt expressed his appreciation of the very 
considerable amount of valuable research work undertaken 
by the previous speakers in the routine carrying out of 
the Wassermann test. The same spirit of research charac- 
terized the performance of the test in the Melbourne Uni- 
versity Bacteriological Department and other laboratories 
in Melbourne and elsewhere. All this must inevitably lead 
to a better appreciation of technical difficulties and their 
correction and to greater accuracy in interpretation of the 
results. 

Personally he had experienced no difficulty in reference 
to red cells, but he agreed with Dr. Shearman in regard- 
ing complement as the most difficult factor in the test. 
Male guinea pigs were also the more satisfactory to work 
with. He never pooled guinea pig sera, but tested each 
individually. Complement varied considerably not only in 
hemolytic activity, but in sensitiveness to antigen. Vary- 
ing degrees of Wassermann reaction might be obtained 
* with one serum by using different complements. Dr. Bull’s 
practice was to obtain sheep red cells and complement on 
the day of performing the Wassermann test; he also pre- 
pared his own hemolytic serum and antigen. When im- 
munizing sheep antibodies other than hemolysins were 
produced, such as agglutinins. On one occasion the latter 
were so evident that the red blood cells agglutinated and 
were resistant to hemolysis in the Wassermann test. He 
found that by saturating the hemolytic serum with red 
cells and using the supernatant fluid, satisfactory results 
were obtained with this treated hemolytic serum in the 
Wassermann test. His results with warm and ice box 
methods accorded fairly well with those of Dr. Tebbutt. 
But in the few instances in which the two methods differed, 
who was to decide which results should be accepted? Per- 
sonally he favoured a very full cooperation between clini- 
cian and pathologist, the verdict of the clinician to be the 
determining factor in interpretation of results. 

As to Dr. Badham’s suggestion of the use of one stan- 
dar dmethod as a referee in eases where discordant results 
occurred by other methods, there was still the same diffi- 
culty as to the precise significance of the results. He was 
of the opinion that results sometimes differing in kind or 
in degree obtained with the same blood by different 
workers, did good by leading to discussion and further in- 
vestigation. But on the whole it seemed a better practice 
to gauge the effects of anti-snhyilitie treatment by com- 
paring the results obtained from time to time by one 
worker rather than by several. One difficulty experienced 
with the ice box method was that oceasionally in the con- 
trols the complement was entirely fixed by the antigen. 
Granted that this non-specific fixation differed from speci- 


fie fixation by syphilitic serum and that the addition of 
human serum in the test seemed to correct this fixation, 
difficulty would arise in accepting the findings. When 
this oceurred, the results of cerebro-spinal fluid tests could 
not be accepted as they are all positive, whether from 
specific or non-specific cases. His practice was to perform 
the test by the warm method and to repeat all which gave 
anomalous or doubtful results by the ice box technique, 
especially those cases exhibiting signs of involvement of 
the central nervous system. 

Over 100,000 Wassermann tests had been made at the 
University Bacteriological Laboratory, an average latterly 
of 15,000 to 20,000 tests per annum. It was obvious, 
therefore, that with a small and overworked staff and in- 
sufficient financial assistance the test must be simplified 
as much as possible. He was pleased to note Dr. Bad- 
ham’s plea for use of one fixed volume of complement, 
instead of a multiplicity of tubes. A considerable degree 
of sensitiveness and specificity was obtained by the 
speaker by rather supersensitizing the red cells and using 
a somewhat small amount of complement. However, he 
believed that in the not distant future the Wassermann 
test would be replaced by a flocculation or similar test, 
in which equally valuable results would be obtained and 
simplified from the point of view of using fewer inter- 
acting colloids. 


PRESIDENTIAL ADDRESS. 


CANCER—REDUCTION IN ITS MORTALITY, ITS 
ETIOLOGY, THE CAPTIVE .TISSUES, SUPER- 
MALIGNANCY AND RODENT ULCER. 


By J. Burton CLevanp, M.D., Professor of Pathology, 
University of Adelaide, 


Reduction in the Mortality from Cancer. 


THE principal object aimed at by all those engaged in 
the study of malignant growths is a reduction in the 
mortality from these tumours. It is possible that with 
further knowledge such reduction of the mortality may be 
achieved in a number of different ways, the summation of 
whose effects may lead to the saving of many lives and 
enable cancerous processes to be relatively controlled. It 
is, however, doubtful whether any means will ever be dis- 
covered for completely controlling or preventing these 
conditions. 

As regards the etiology of cancerous and other allied 
conditions, investigation may eventually show that a con- 
trollable, factor exists and by the removal of this factor 
examples of these neoplasms will not appear, or if they 
do, they may be easily destr_yed. For instance, it is pos- 
sible that the cancerous process is really due to invasion 
cf certain cells by very minute parasites and that the 
bizarre cell reactions that follow, are entirely due to the 
stimulation exercised by such parasites. It may be pos- 
sible to devise means to destroy this virus or to render 
individuals immune to it and thus malignant processes 
would, for all practical purposes, cease to cause anxiety. 
Few workers on the subject, however, now think it likely 
that such cancer-causing, not merely cancer-predisposing. 
parasites exist. If the theory elaborated later in this 
paper is the true explanation of cancerous processes, then 
it would seem practically hopeless to be able to control 
the disease through our knowledge of its etiology. 

In surgery more perfect technique, the devising of the 
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most suitable operations for particular cases and readier 
means for the earlier diagnosis of malignant growths of 
the internal organs, may all lead to a material reduction 
in the cancer death rate. 

In therapeutics it is possible that some selective drug or 
other substance may be discovered which is capable of 
destroying the malignant cells, leaving the neighbouring 
normal cells relatively uninjured. The value of X-rays 
and radium in the treatment of malignant growths has 
already led to most important results and the relatively 
easy control of certain types of such growths. 

A fuller knowledge of the predisposing causes of can- 
cerous growths may enable us to reduce the incidence of 
eases to a very great extent. There are many types of 
cancer that we know develope as a result of various forms 
of chronic irritation. | Squamous epitheliomata of the 
tongue and of the lip, soot, tar and paraffin cancers, squa- 
mous epitheliomata developing from exposure to the 
X-rays, epitheliomata developing at the sites of old burns 
and many others in man are well known; whilst in rats, 
we have the developement of squamous epithelioma in the 
stomach as the result of the irritation of the worm Gon- 
gylonema neoplasticum. 

We also know now that we can produce certain malig- 
nant growths at will by applying certain forms of chronic 
irritation to animals. Thus, the worm just mentioned in 
the rat can be administered in its larval stage in cock- 
roaches with the certainty that in some cases a malignant 
growth will develope; mice may be painted with tar and 
epitheliomata thus produced and so on. 

The frequency with which certain epithelial malignant 
growths can be traced to particular antecedent forms of 
chronic irritation, suggests the probability that all or very 
nearly all other forms of cancer owe their developement to 
some kind of chronic irritation which has not yet been 
recognized. In other words, were we only aware of all 
the various forms of chronic irritation that predispose to 
and lead up to the developement of malignant growths 
in various parts of the body, we should probably be able 
to remove some of these and to neutralize the ill effects 
of others and in that way stem materially the tide of 
cancer cases. It is almost certain that cancer of the 
stomach, cancer of the breast and cancer of the uterus 
all arise from different forms of chronic irritation. The 
nature of this chronic irritation may be physical or 
chemical or both. A thorough study of the conditions 
under which eases arise, may enable us to detect the ac- 
tive component that does the damage. I feel certain that 
it is well worth while to pay the utmost attention to the 
question of these predisposing causes and I feel that a 
reduction in cancer mortality is more likely to be achieved 
by work along these lines than along other avenues. In 
Australia it should be possible to make a collective effort 
to tackle this aspect in some forms of cancer. 

Another means of reducing mortality from cancer is by 
education of the people in such a way that malignant 
growths may be brought under the notice of the surgeon 
at the earliest possible moment. It is a very difficult mat- 
ter indeed to know what information should be com- 
municated to the laity and how such information should 
be brought under their notice. There is little doubt, how- 
ever, that much can be done in this connexion without 
giving rise to undue and morbid introspection. Un- 


doubtedly when the generality of individuals are made 
aware of the nature of the symptoms and signs that raise 
any suspicion of the presence of a cancerous growth, 
medical attention will be sought in many cases earlier 
than at present with much better prognosis resulting. As- 
sociations are being formed in Britain and America with 
the object of dealing with this aspect of the cancer ques- 
tion. It might be considered with advantage also in Aus- 
tralia. 
The Aetiology of Cancer; a Gametoid Theory. 

In studying the behaviour of malignant growths the 
most striking histological feature is the infiltration of the 
surrounding tissues by the cells of the neoplasm. These 
cells, though departing more or less widely from the nor- 
mal size, shape, general appearance and regularity of the 
mother cells from which they have been derived, never- 
theless retain in nearly all cases some features by which 
their origin can be surmised. From this we may infer 
that, whether or not the cells have reverted to a more 
embryonic type, they still retain some at least of the dif- 
ferentiating somatic factors that have become associated 
with them during their ontogenetic developement. But 
though still retaining some special, we might say specific, 
differentiation, the malignant cells have departed widely 
from the parent cells in that they have broken through 
the normal barriers that confined them to certain situa- 
tions and are now invading tissues into which the healthy 
cells are in some way restrained from entering. In this 
respect the malignant cells seem to have acquired—or 
rather let us say to manifest—a feature which the normal 
cells, even if possessing it, do not exhibit. The new tissue 
—the cancerous or sarcomatous tissue—no longer seems 
controlled, as regards the number of the cells or their re- 
lationship with neighbouring cells, in the same way as are 
the normal tissues, in which we find an orderly arrange- 
ment and a definite mass wonderfully correlated with the 
requirements of the individual. 


Let us consider for a moment this orderly arrangement 
and this mass effect. During the developement of an in- 
dividual the tissues and organs grow in size pari passu 
with each other. They are undoubtedly coordinated with 
each other. There are, of course, slight variations about 
the mean, but we do not find one organ, say the liver, 
growing on to an indefinite size and becoming out of 
proportion to the kidneys or the limbs. Very obviously 
some check is interposed upon the continued proliferation 
of the cells of the organs and tissues after they have 
reached a certain size. For instance, a lizard’s tail 
grows to a certain length dependant on the species. If 
this tail be removed, the disappearance of the tail tissues 
upsets the equilibrium and from the stump a new tail 
grows which will reach, more or less, the original size and 
will then cease to grow further. In human pathology 
we meet with some very striking instances of this “‘mak- 
ing good” of lost tissues, in the shape of some examples 
of compensatory hypertrophy. In the Pathological 
Museum at the University of Adelaide are two examples 
of hydatid infestation of the liver. In one case the entire 
left lobe, in the other case practically the entire right 
lobe, has been destroyed by the growth of the hydatid 
cysts. To compensate for the considerable destruction of 
liver substance we find that in each of these cases the un- 
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affected lobes of the liver have undergone a considerable 
hypertrophy, presenting very striking pathological speci- 
mens. This hypertrophy would seem to depend upon the 
destruction or removal of a large mass of liver substance. 
The result has been that the mass effect of liver sub- 
stance present becoming less than normal, the remaining 
healthy cells underwent increase in number, until approxi- 
mately the original bulk had been restored, when the re- 
straining influence, whatever it was, brought again the 
process of multiplication to an end, just as originally the 
liver when it had reached the adult size, was restrained 
from growing any further. In the ease of the destruction 
of part of the liver by hydatid cysts, we find that again, 
just as in normal developement, the bulk of tissue that is 
rewly formed to compensate for the loss, bears a de- 
finite proportion to the other cells and tissues of the body. 
We do not find that the cells which undergo proliferation 
to make up for the lost tissues go on dividing indefinite- 
ly. A check to their further multiplication comes when 
approximately the right mass of tissue has been formed. 
Similarly in the kidneys we may find that atrophic 
changes and complete destruction of kidney parenchyma 
have occurred on one side and that the kidney on the other 
side has undergone a compensatory hypertrophy and has 
much increased in size in consequence. 

In studying the hydatid livers just mentioned we also 
see that the reason why one or other of the lobes of the 
liver reaches normally a certain size and stays there, is 
not due to any physical or nutritive factor preventing such 
lobe from reaching a larger size, because in the hydatid 
cases, when a large amount of liver parenchyma has been 
destroyed in one lobe, then the remaining lobe or lobes 
have been able to increase very markedly in size. The 
reason why this has taken place would seem to be that 
the inhibiting effect on the total mass of liver cells pre- 
sent has been reduced and has remained reduced until the 
cells have again made up the deficiency. 

It would thus appear that the proliferation or cessation 
of proliferation of the cells of tissues and organs is de- 
pendant in part on the mass of such tissues and organs 
present and on their relative relationships with the other 
tissues and organs of the body. Presumably the corre- 
lation between these tissues and organs is brought about 
by means of chemical messengers of some sort. If we 
can imagine a cell or a group of cells dislocated from its 
fellows so as to be no longer affected by these chemical 
messengers, then we can understand the cells proliferating 
indefinitely and giving rise to a tumour or a neoplasm, 
the cells of which are no longer under control by the 
other cells and tissues of the body. 

In this way we see a means by which simple tumours 
may originate. Such simple tumours may be looked upon 
as originating in dislocated cells cut off in some way from 
their correlation with their fellows and consequently tend- 
ing to show unbridled increase. 

In the case of malignant tumours we may see possibly 
a similar process at work or possibly the explanation may 
be that the malignant cells had undergone a change—I 
would suggest a gametogenie change—by which they were 
giving rise to a tissue that was abnormal and was not 
provided for during developement and consequently for 
which there was no controlling mechanism available to 
prevent the cells multiplying unduly. 


Let us return now to the two chief characteristics of 
malignant cells—their departure in general appearance 
from the normal cells of the part, though they still re- 
tain certain distinctive features of the parent cells, and 
their failure to be retained within their normal bou- 
daries—in fact they show evidence of active invasive pro- 
perties. From our knowledge of the behaviour of para- 


‘sites, both bacterial and protozoal, it is easy to conceive 


that some such bodies may enter the cells, multiply in 
them and so alter their appearance and natural behaviour 
and so stimulate them without destroying them, that the 
above changes occur. No one, however, has clearly de- 
monstrated the presence of such parasites nor do the 
facts known about the etiology of makignant growths 
make it likely that their origin can be explained in this 
simple way. The majority of workers are united in con- 
sidering that this view is essentially the correct one and with 
them I cordially agree, though still holding that such a 
parasitic origin cannot be completely ruled out of court. 

It seems to me that the nature of malignant growths 
ean be much more rationally explained by considering the 
ontogenetic developement of the individual. In fact, the 
views that I propose to lay before you to-day are such 
that, if the premisses on which they are founded are cor- 
rect, the occasional developement of a malignant neoplasm 
and the behaviour and appearances manifested by the 
cells of such a growth, are exactly what one would ex- 
pect to take place. One might almost add that had can- 
cer never yet been met with in man, say through the pre- 
mature deaths of all adults at the age of twenty, then on 
these views it might have been predicted that were the 
span of life extended by a few decades certain cells might 
be expected to alter their habits and to produce cell masses 
possessing the main features of cancerous tissues. Even 
now, we might prophesy that if we only lived long enough, 
we would all eventually suffer from such growths. 

To understand these views it is necessary to revert to 
the very beginning of the individual’s existence. We see 
here a pluri-potential cell, the fertilized ovum, containing 
within it all the potentialities afterwards manifested by 
its myriads of descendents. We see a cell whose progeny 
will form all the varied somatic cells of the body and at 
the same time a cell which represents the germ-plasm, 
that priceless jewel handed down from generation to 
generation and protected from the dangers and vicissitudes 
of the outside world in that golden casket that we know 
as the soma. It would seem that the whole object of the 
existence. of the individual, in whom we recognize this 
soma, is to insure the safety and the handing on to the 
next generation of this precious germ-plasm—may we 
hope that it is true that in thus handing on the germ- 
plasm, we are able to enrich its potentialities. 

The fertilized ovum after a certain number of in- 
different divisions very soon shows differentiation of tis- 
sues and at an early stage we can recognize that certain 
of the cells are normally destined to be somatic cells and 
that others are the progenitors of gamete-forming cells. 
It has long been held by certain zoologists that there is 4 
direct continuity of the germ-plasm from one generation 
totanother. By this is meant that even with the earliest 
divisions of the fertilized ovum certain cells are set aside 
for the purposes of reproduction and that these cells are 
never ordinary body cells, even though the number of 
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their chromosomes be the same. I am glad to see that 
some biologists at least are now no longer holding to this 
view, though a few years ago one might have been con- 
sidered a zoological heretic to have believed otherwise. In 
botany the issues are somewhat clearer and it has been 
more generally admitted that we may have an alternation 
of generations—a somatic individual plant culminating in 
the setting aside of certain somatic cells to form a game- 
togenic plant (with a reduced number of chromosomes) 
from some of whose cells the gametes are evolved. I do 
not think we can hold, then, the view that with the first 
and immediately subsequent divisions of the fertilized 
ovum we have a sharp differentiation between soma cells 
and gametogenic cells. Even those who believe that there 
is a direct continuity of the germ-plasm, will probably ad- 
mit that not all the descendants of the cells thus pecially 
allocated for this purpose will form gametes and that 
many will be sacrificed to insure that a chosen few will 
be placed in the best possible circumstances for the for- 
mation of gametes and these sacrificed cells, sacrificed to 
protect or to nourish their chosen fellows, are essentially 
soma cells, at least until they have undergone a reduction 
of their nuclei (as in the ease of the polar bodies of the 
maturing ovum). In vertebrates we are entitled to hold 
that there is just as much an alternation of generations 
as in plants; in fact can we reasonably think otherwise? 
Do not wee see in these multicellular organisms exactly 
what we see in certain protozoa? In an early malarial 
infection of the blood of man, we see a number of in- 
dividually separate somatic cells, invading his red cells 
and multiplying somatically for a number of generations. 
Were these individuals associated together in colonial 
fashion, we would have a soma comparable with our own 
bodies. Ultimately, after a varying number of such soma- 
tie divisions, some of the cells, instead of continuing a 
somatic life, become differentiated into gametocytes and 
only now do we see as a crowning-point to the somatic 
multiplication the developement of special cells which, 
though individually separate, we may collectively think of 
as a gametogenic tissue. From the gametocytes the game- 
tes themselves are formed. Here there is no doubt of a 
purely somatic phase being interpolated between gamc- 
togenic phases and of a gametogenic phase being the con- 
necting link between two somatic phases. What of such 
a fundamental nature occurs in a differentiated protozoon, 
may be expected to occur in the metazoa, both animals 
and plants. 

If I am right in assuming that the gametogenic tissues are 
derived from what are theoretically somatic cells, then we 
must assume that in the somatic progenitors of the sex 
cells we must have some factor present that, when the 
right time comes, will cause the cells to become sex cells 
and eventually will lead to the differentiation of gametes. 
If this be the case, then in these cells we must suppose 
the presence of a somatic factor which dominates the 
situation and moulds the cells to the requirements of the 
body as a whole and to the needs of the future sex-tissue 
in particular, until such time as the other factor present, 
the gametogenic one, is prepared to take charge and set 
about the direct formation of sex-cells. In other words, 
these progenitors of the gametes possess two factors, a 
Somatic and a gametogenic one. In the early stages the 
somatic factor is dominant, the gametogenic held in sway 


and recessive, though possibly nevertheless exerting some 
influence over the behaviour of the cells (for example 
causing the invasion of the underlying tissues by columns 
of cells from the germinal ridge). As the cells arrange 
themselves in the tissues, as the ovary and testis develope, 
the somatic factor wanes in intensity until with the advent 
of puberty the gametogenic factor becomes the dominant 
partner and matured sex cells are differentiated. 

If we associate the possession of both somatic and 
gametogenic factors in the antecedents of the sex cells, 
can we reasonably deny the existence of both these fac- 
tors in all the rest of the progeny of the fertilized ovum, 
as long as these cells are capable of dividing? Surely 
not! Are we not compelled to think of all these cells as 
being potentially gametogenic, as each, to speak figura- 
tively, being desirous above all things of being the trans- 
mitter of the germ-plasm to the next generation. But 
in the interests of this next generation it is necessary 
that the great majority of the deseendants of the fertilized 
ovum should be sacrificed to make an efficient tabernacle 
for the protection of the chosen few destined to produce 
specialized gametes. We see them thus sacrificed and so 
ending the continuous line of living matter that traces 
itself directly back to the first dawn of life on this planet 
in the shape of the body cells. In these cells under nor- 
mal conditions the somatic factor remains dominant till 
their end comes and governs developement, so that “fitly 
joined together” and working in complete harmony and 
coordination, the body developes and then maintains its 
integrity, at least until the new generation can be firmly 
established. But with this somatic developement and 
dominance, can we rightly consider that the gametogenic 
factor has entirely disappeared? Surely not! It cannot 
in the interests of the individual be expected to manifest 
its presence under ordinary circumstances. To do so 
would be of no advantage to the individual, might even 
be of disservice. So tenacious is the grasp on life of all 
living beings, so imperative is it that gametes shall be 
formed to establish the next generation, that we must look 
upon all these ordinary somatic cells as still retaining 
this gametogenie factor as long as they possess a nucleus 
and so are capable of dividing. The factor is, however 
recessive, held in complete subjection normally by the pro- 
nounced dominance of the somatic factor, so necessary for 
the harmonious developement of the soma. 

Though under normal circumstances this gametogenic 
factor of the body cells is thus prevented from manifest- 
ing itself, there are certain conditions in which its latent 
capacities may be expected to assert themselves. First 
of all, if the extreme dominance of the somatic factor is 
the reason why the gametogenic one is held in check, then 
gradual waning of the former may finally enable the latter 
to gain sway. Under such circumstances when the two 
factors were near equilibrium, we might expect to see the 
cells affected manifesting both differentiated somatic fea- 
tures and features characteristic of gametogenic tissue or 
of its direct forerunner. Secondly, there is a natural ten- 
deney for all living beings, individual cells included, to 
prevent death (that is annihilation) by all possible means. 
In the case of old and effete organisms, laden with the 
products of decay and degeneration and scarred by many 
conflicts, the only hope lies in the production of a new 
individual by the formation of gametes. 
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I would suggest that the formation of cancerous tissue 
does represent the attempt by a group of somatic cells to 
become sex-forming with the ultimate production of 
gametes. Under the circumstances the gametes formed 
could not be expected to be differentiated as are the nor- 
mal gametes, but would appear merely as clumsy cells 
with reduced nuclei incapable probably of fertilizing or 
even of being fertilized. The march of events in the can- 
cerous process is exactly what we would expect if this 
view be correct. We see the cancerous cells invading in 
processes and columns the sub-adjacent tissues, just as we 
see the germinal epithelium burrowing into the tissues to 
form ultimately the specific cells of the ovary or the testis. 
Not only do we meet with invasive properties which are 
characteristic features also of the germinal epithelium, 
but we also find amongst the cancer cells clear evidence of 
reducing divisions and of the presence of heterotype and 
homotype mitoses. Thus the changes met with amongst 
cancer cells and the invasive properties of these cancer 
cells are very similar to the features of the cells and the 
invasive properties of the germinal epithelium; and if we 
assume that somatic cells still retain a gametogenic factor 
and that it is possible that circumstances may arise under 
which this latter factor can manifest itself, then the can- 
cerous process is exactly the way in which we would ex- 
pect such manifestation to present itself. 


The Captive Tissues in Neoplasms. 

In studying neoplasms and more particularly malignant 
growths one recognizes at once the presence of the malig- 
nant cells and aiso of other tissues whose cells are not 
malignant. These other tissues in some cases form an in- 
tegral part of the neoplasm and in others they merely re- 
present the remains of the invaded tissues. Now, when 
malignant cells invade a tissue it would seem that they 
take control of certain of the mesoblastic elements in the 
invaded part, whilst they destroy other tissues both meso- 
blastic and epithelial. The stroma of a carcinoma is very 
often modified from the appearance presented by the ori- 
ginal tissues and evidently this change is the result of an 
impulse from the cancer cells which are, as it were, lead- 
ing captive these invaded tissues and making use of them. 
That it is the cancer cells that cause the change is shown 
by the resu'ts of animal inoculation from one individual to 
another. A cancerous growth showing undue vascularity 
may, if transferred to another animal of the same species, 
produce again growths presenting a similar vascular ap- 
pearance though the mesoblastiec cells concerned belong to 
those of the second animal and are not, like the cancer 
cells, derived from the first. The scaffolding formed by 
the captive tissues enables the malignant cells to receive 
support and nourishment. It is obviously essential for 
the growth of the cancer cells that some such arrange- 
ment should exist. 

In the case of sarcomata we find very poorly developed 
blood-vessels traversing the growth and linking up on the 
outside with the neighbouring normal vessels. In sarco- 
mata it is considered that the vascular spaces have little 
more than an endothelial lining supported on the outside 
by the sarcoma cells. It is not suggested that. the endo- 
thelial-like cells linking the vascular channels are really 
modified tumour cells. They are considered to be con- 
tiguous with and actually derived from the endothelial 
cells of the surrounding parts. Obviously we have in the 


sarcomata a very good example of a captive tissue in the 
endothelial lining of the vascular channels. 

We may say, then, that more particularly in malignant 
growths we meet with three types of tissue, the malignant 
cells, the captive tissues and the invaded tissues. The 
captive tissues live in symbiosis with the cancer cells; on 
the other hand the invaded tissues are destroyed. 


Super-Malignancy. 

Occasionally in examining sections of cancerous growths 
one finds that the malignant cells or their arrangement 
varies in different parts of the growth. Thus in some 
places the cells though obviously malignant resemble more 
or less closely in their appearance and architecture the 
normal structure of the part, whilst in other portions the 
cancerous cells have departed much more widely from the 
normal appearance even to such a degree as to render it 
difficult to recognize the tissue from which they have been 
derived. 

This appearance has been strikingly shown in two ex- 
amples of carcinoma of the body of the uterus. In the 
same section may be seen cancerous processes which differ 
markedly in histological appearance. In places the growth 
appears as a typical columnar epithelioma. The cells 
here, though resembling the normal cells, differ somewhat 
in shape, size and staining reaction and arrange them- 
selves round definite but highly irregular lumina.  Ad- 
jacent to such an area may be seen carcinomatous cells 
of the infiltrating spheroidal type, lacking entirely any at- 
tempt at arrangement round a lumen. These appearances 
suggest that the latter type of malignant growth is a 
greater departure from the normal than the former. To 
this condition the term “super-malignancy” may be ap- 
plied, though it must be clearly understood that this does 
not mean the acquirement of greater invasive properties 
or a graver prognosis. The term “super-carcinomatous 
change” might more clearly designate the condition. On 
the gametoid theory already outlined to explain the nature 
of malignant growths the appearances presented can be 
readily explained. In the columnar epitheliomatous type 
we have gametoid and somatic factors both present and 
both expressing themselves with the result that the latter 
factor is able to lead to a certain amount of differen- 
tiation and a considerable aping of the original tissue. 
Later, however, this somatic factor wanes still more in 
certain groups of cells with a consequent much more re- 
mote resemblance of this part of the new growth to the 
original glandular epithelium. It is possible even that a 
pre-cancergus state may also occur which may be de- 
signated submalignancy. In this state the somatic factor 
would be still by far the dominant partner and thus 
would lead to a close resemblance to the normal tissue, 
whilst the gametoid factor now aroused into some activity 
is responsible for departures from the normal, but has 
not yet gained unlimited sway or been able to cause de- 
finite infiltration. These changes in degree probably oc- 
cur by definite steps or gradations, there being a sudden 
change in a group of cells in the downward path. 


Rodent Ulcer. 

Rodent ulcers are technically skin carcinomata. The 
most remarkable feature about them is that, though locally 
invasive and tending to recur if imperfectly removed, 
typical rodent ulcers show no tendency to involve the 
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draining lymphatic glands or to disseminate. It is still 
uncertain from what cells rodent ulcers are derived. Some 
consider that they arise from the basal layer of the sur- 
face epithelium, some from the epithelium of the hair fol- 
lies, some from both these sites. From a study of a 
number of sections I feel convinced that some cases, if not 
most, are derived from the epithelium of the hair follicle. 
Such an origin would explain readily the absence of dis- 
semination. The cells of the hair follicle are engaged in 
welding epithelium cells into compact cylindrical bundles 
which become differentiated into the hairs themselves. We 
all know how perfect this welding is and how difficult it 
is to separate from each other the individual flattened cells 
that compose each hair. If a malignant growth developes 
from cells possessing the function of making hairs, and if 
some of the somatic features of such cells are still retained, 
then we would expect the groups of cancerous cells to ad- 
here more firmly to each other than groups of cancer cells 
derived from other epithelial structures. This adherence 
together or partial welding would make it difficult for in- 
dividual living cells or groups of cells to be detached from 
the masses and carried by the lymph stream or blood 
stream to other parts. In this way may be rationally ex- 
plained the most characteristic feature of a rodent ulcer. 


Dr. REGINALD WessTeR read a paper entitled “A Study 
of the Incidence of the Various Serological Types of 
Pneumococci in Pneumonia of Childhood; Observations on 
Serum Therapy.” ‘The full paper has been published in 
Tur MepicaL JourNau or AustraLia, February 9, 1924, 
page 129. 


THE INCIDENCE AND MORTALITY OF PNEUMONIA 
AT THE ROYAL PRINCE ALFRED HOSPITAL WITH 
A NOTE ON ITS SERUM TREATMENT. 


By Mona Ross, M.B., Cu.M., D.T.M., 
Chief Resident Pathologist, Royal Prince Alfred Hospital, 
-and 
A. H. Tessurr, D.S.0., B.A., M.B., D.P.H., 
Honorary Director of the Pathological Department, Royal 
Prince Alfred Hospital, Sydmey. 


EPIDEMIOLOGISTS have in the past paid much attention 
to this disease, but it has been left to bacteriologists to 
explain many of the factors, such as transmission, viru- 
lence et cetera and much still remains to be elucidated. 

Musser and Norris writing on this subject in Osler and 
McCrae’s “Modern Medicine” (1907), sum up by stating 
that “the explanation of these facts must come from a 
more thorough knowledge of bacteriology. Upon such a 
knowledge is based the main hope for the future. The 
fact that improved hygienic measures have thus far failed 
to check the prevalence of pneumonia and that the ap- 
plication of antiseptic measures has been equally un- 
availing, indicates the limitations of our information upon 
the question of transmission.” 

With reference to seasonal influence, they quote Anders, 
(American Medicine, Volume VIII., September 3, 1904) : 
“The major influence exerted by the seasons however is 
probably not direct (e.g. by a lowering of the bodily re- 
sistance due to low temperature, high barometric pres- 


sure, direction and velocity of the winds etc.), but in- 
direct, namely, by bringing about that effective element 
in the causation, concentration and increased virulence of 
the specific poison in consequence of closed doors and 
windows and lack of free ventilation.” 

With regard to the death rate from this disease there 
is evidence that it has distinctly increased during the last 
half of the nineteenth century in such widely separated 
cities as Vienna, Glasgow and Philadelphia. This may 
be due to factors associated with increase of urban popu- 
lation. 

Many of the questions raised as to transmission, viru- 
lence, immunity, epidemic endemic types et cetera have 
been answered and the Rockefeller Hospital workers in 
America and F. §. Lister in South Africa have pride of 
place in this field. In Australia Dr. S. W. Patterson 
(THe MepicaL JourNaL or AvusTRALIA, 1922, Vol. IL, 
page 115) has drawn attention inter alia to the age-inci- 
dence and mortality of this disease at the Melbourne Hos- 
pital and mainly owing to the enthusiasm of Dr. A. Z. 
Huie, to whom we are greatly indebted, we are able to 
show similar charts drawn from the records of the Royal 
Prince Alfred Hospital for the decade 1910-1921. It must 
be borne in mind that these figures are for eleven to 
twelve years, whilst the Melbourne Hospital figures are 
for two and a half years. Our charts are built upon 1,555 
diagnoses of lobar pneumonia and 691 of broncho-pneu- 
monia. 


Incidence. 

Chart I. shows the distribution of all cases of lobar 
pneumonia into age periods (continuous line), the inter- 
rupted line showing the percentages of population in 
New South Wales at the same age periods in the year 
1911. It will be seen that the incidence reached a maxi- 
mum in the age period 20-30 (20.8% of all patients), 
after which it diminished almost regularly. Broncho-pneu- 
monia had a maximum incidence in the age period 0-10 
(60.4% of all patients). 
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CHART I. 


Distribution of cases of Lobar-Pneumonia at Royal Prince Alfred 

Hospital into age periods (continuous line), compared with the 

distribution of the population of New South Wales in 1911 into age 
periods (interrupted line). 
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CHART II. 
Same for Broncho-Pneumonia, 
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Mortality. 

Chart LII. shows that the mortality of lobar pneumonia 
varied considerably from year to year, namely between 
10% and 21%, the average for eleven years being 17%. 
In the age period 10-80 the average mortality at the Royal 
Prince. Alfred Hospital in the years 1919 to 1921 was 17% 
and during nearly the same period at the Melbourne Hospi- 
tal the mortality was shown by Patterson to be 21.4%. The 
three cities Melbourne, Sydney and Brisbane are con- 
veniently situated for a study of climatic influence on the 
incidence and mortality of this disease and one would 
‘expect, if the impressions of clinicians are correct, that 
‘the incidence and mortality would diminish with the lati- 
tude. The mortality from year to year of broncho-pneu- 
monia (Chart IV.) was still more variable but was usual- 
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CHART III. 
Annual case mortality from Lobar-Pneumonia at the Royal Prince 
Alfred Hospital from 1910 to 1921. Average mortality 0 to 100 
years is 17.1 per cent. Average 10 to 80 years is 18.5 per cent. 
Lowest mortality in 1911 is 10.7 per cent. Highest in 1915 is 
21.6 per cent. 
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CuHakT Iv. 
Same for Broncho-Pneumonia. Note the greater irregularity from 
year to year. Average is 15.5 per cent. Lowest in 1916 is 7.9 
per cent. Highest in 1915 is 30.7 per cent. 
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CHART Vv. 


Case mortality from Lobar-Pneumonia at Royal Prince Alfred Hospital — 


at different age periods (interrupted line). Note the parallelism with 
the Melbourne Hospital figures (continuous line) of Dr, Patterson, 
but mortality is higher than in Sydney (21.4 per cent. compared 
with 17 per cent. for approximately the same time and the same 
age periods (10-80 years). Note also the steady rise in mortality 
with years of life, excepting that the minimum is from 10 to 20 years. 


ly lower (15.5%) than that of lobar pneumonia. The 
variation was between 30.76% in 1915 and 7.95% in 
1916. 

Chart V. shows that the mortality of lobar pneumonia 
varied very much at different age periods (interrupted 
line), being high in infancy (28.3% from 0-2 years), 
falling to 5.26% from 2-10 years and to 1.83% from 
10-20 years and thereafter rose steadily through life. The 
Melbourne Hospital figures (continuous line) correspond 
closely with those at the Royal Prince Alfred Hospital. 
The mortality of broncho-pneumonia (Chart VI.) was 
high in infancy (0-2 years 22.63%), was lowest between 
2-10 years (5%) and thereafter increased somewhat ir- 
regularly throughout life. 
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CHART VI. 


Same for Broncho-Pneumonia. Note that the increase is less regular. 


Empyema. 

The incidence of this complication (Chart VII.) only 
inereased slightly with age, and the mortality was not ap- 
preciably affected by it between the years ten to fifty. In 
early life and old age it appeared to be a more grave com- 
plication. The average incidence rate of empyema (8.7%) 
corresponded very closely with that found by Patterson 
at the Melbourne Hospital (8.6%). 

Percentages 
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CHART VII. 
Incidence of Empyema at different age periods at the Royal Prince 
Alfred Hospital from 1910 to 1921 (continuous line) compared with 
same at the Melbourne Hospital from 1919 to 1922 (interrupted 
line). Average for former is 8.7 and for latter 8.6, and no age 
period appears to be specially susceptible or immune, but speaking 
generally it is somewhat more common after 50 years. 
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CHartT VIII. 
Empyema case mortality in age periods at Royal Prince Alfred 
Hospital (continuous line) compared with mortality in cases in 
which empyema was not reported (interrupted line). Note absence 
of important differences except in infancy and childhood and after 
50 years, 
Serum Treatment. 

During the year from July 1, 1922, until June 30, 1923, 
one hundred and seventy-nine patients with acute lobar 
pneumonia were admitted to this hospital. Of these pa- 
tients thirty-one died, a mortality of 17%, which is 
identical with the average for ten years. 

The mortality at the different age periods is well 
exemplified by this year’s figures (Table I.). 


TABLE I.- 
Mortality at Different Age Periods, 1922-1923. 


Years 


Result 
0-2 | 2-10 | 10-20 | 20-30 | 80-40 | 40-50 | 50-60 | 60.100 


Recovered} 1 8 26 33 33 24 16 T 
Died i 0 1 2 5 10 7 5 
Total 2 8 27 35 38 34 


At the beginning of July, 1982, the treatment of acute 
lobar pneumonia by serum was begun as follows :— 

The polyvalent serum prepared at the Commonwealth 
Serum Laboratories was used. The cases at first were 
not chosen, but serum was given to each patient as soon 
as the clinical diagnosis was made and before any bac- 
teriological examinations were carried out. The only 
preliminary step taken and one that was done in every 
case, was the testing of the patient for sensitivity to horse 
serum. This was done in the following manner. One- 


fifth of a eubie centimetre of a 10% dilution of normal . 


horse serum was given intradermally and the reaction 
noted at the end of fifteen minutes, thirty minutes and 
one hour. A saline solution control was also made. When 
an area of erythema had developed around the inoculation 
together with a raised weal in the centre, serum was not 
given. The number found to be sensitive was much 
higher than was expected and serum was withheld from 


about one in twenty persons for this reason. To some 
of these patients antitoxin had been given some years pre- 
viously and to two anti-streptococcal serum had been 
given. 

If the patient were found to be insensitive, serum was 
given intravenously. In our earlier cases we had im- 
mediate reactions, varying in severity, taking place be- 
fore the full dose of 120 cubic centimetres could be given, 
often rendering it necessary for us to stop the injections 
altogether. In our later series we found that by diluting 
the first thirty cubic centimetres of serum with equal 
quantities of normal saline solution and giving it more 
slowly, we could run in about ninety cubic centimetres of 
serum with very little immediate reaction on the part of 
the patient. 

Blood cultures were made and sputum taken for investi- 
gation at the same time. 

After the first twelve patients had been treated, the 
only result that could be noted was a lessening of the 
toxie condition of the patient, as evidenced by a fall in 
pulse rate and a less restless state. 

A different procedure was then adopted, mainly on ac- 
count of expense. The cases were selected and the serum 
was not given to young adults who were not showing 
serious toxic symptoms, or who were thought to be ap- 
proaching their crises. Patients are not often admitted 
to our public hospitals on the first few days of the dis- 
ease. In examining the records of the 179 patients ad- 
mitted to the Royal Prince Alfred Hospital last year, it 
was found that the average duration of the disease at 
admission was 4.7 days. This is one condition that makes 
the giving of serum in hospital rather unsatisfactory. 
Maay were admitted as late as the sixth or even seventh 
day, and had their crises a few hours later. Some, too, 
were admitted late in the disease in a moribund condition 
and died within twenty-four hours. After we had had 
some experience of giving serum to these patients with 
no effect in any of them, they also were removed from the 
list where serum was indicated. 

This has, therefore, left very few patients to whom 
serum was given and from them it is probably unfair to 
draw an opinion as to the value of serum treatment in 
pneumonia, but the record is put before you and the 
treatment of pneumonia with serum will be continued un- 
til a sufficient number of cases are on record to justify 
an opinion as to its value or otherwise. 

Table II. indicates the types of pneumococci isolated 
and the mortality in serum-treated cases. 


TABLE II. 
Result | Type | Type Mortality 
Recovered 14 0 8 
Died 1 2 3 > 21.5% 
Total Num- 15 2 ii 
ber Treated | 


Of the fourteen patients with Type I. infection who 
had serum, three developed empyema. The two patients 
with Type III. infection died. In both cases the pneu- 
mococeus was obtained from the blood and from the 
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sputum. There is no evidence for or against the hypo- 
thesis that the crisis was accelerated by the administration 
of serum. 

Table III. shows the duration of the disease and the 
date of administration of serum (day of admission). 


TABLE III. 
Patients’ | Day of Day of 
Initials | Serum | Crisis | E™Pyema |Day of Death 
W.H. 4th 5th — — 
Cc. 4th Empyema 
P. 3rd 5th 
What. 6th 9th 
Wr. 2nd 5th Empyema 


4th Lysis — 
s. 6th 8th 
M. 2nd 6th 
Me. 5th 10th 
N. 5th 15th 
T. 2nd 8th 
P. 3rd ith Empyema 
H 4th 5th 
L. 2nd 2nd day 
H 7th 8th day 

(pericarditis) 

McL. 8th 8th day 
Cl. 4th 5th day 


The average period after onset on which serum was 
given, was 4.2 days. 

It will be noted that the patients who died after re- 
ceiving serum, died either the same day or the next day, 
that is to say, they were very ill or moribund and the 
serum failed to save them. It is highly desirable that, 
if serum is to be given in lobar pneumonia, it should not 
be left until the patient is gravely ill or moribund. The 
serum is not a last resort, but to be given intelligently 
early in the disease, the first dose being given within 
twenty-four hours of admission. 

Therefore, the early diagnosis of pneumonia, prompt 
application for admission to hospital by practitioners and 
the immediate admission of these patients by medical 
superintendents are necessary, if serum treatment is to be 
satisfactorily adopted in hospitals. Pneumonia should be 
dealt with as promptly as acute abdominal conditions. 

This winter (1923) nearly all the pneumonic patients 
admitted to the Royal Prince Alfred Hospital had a his- 
tory of an initial influenzal cold and from the sputum of 
many patients streptococci were isolated and not pneu- 
mococci. 

In examining sputum for the type of pneumococeus, it 
was found that mouse inoculation according to Avery’s 
method was the most satisfactory. 


The bile solubility test was used for differentiating 4 
non-agglutinable pneumococcus from a streptococcus. 

Finally we know practically nothing of the bacteriology 
of lobar pneumonia in Sydney prior to the last pandemic 
of influenza, but certainly since that time many cases 
have appeared to be a bacteriological problem in them- 
selves. Because of a clinical diagnosis of lobar pneu- 
monia, one would often be courting error to assume that 
it is a pneumococcal infection. The bacteriology of 
pneumonia cannot be taken for granted. Anatomical and 
clinical diagnoses such as bronchitis, broncho-pneumonia 
and lobar pneumonia are not final diagnoses, no more than 
enteritis is a final diagnosis in cases of suspected typhoid 
or paratyphoid fever. Routine and prompt examinations 
should be made of the sputum and exudates wherever 
found and the bacteriologist should combine direct bac- 
teriological examinations with mouse inoculations, 


REPORTS OF THREE CASES. 


By W. E. J. Parapice, M.B., Cu.M. (Sydney), 
Surgeon Lieutenant, Royal Australian Navy. 


Inguinal Bubo Accompanied by Eosinophilia. 

A certain officer reported “sick,” having suddenly had a 
rigor, at the same time complaining of tenderness in the 
left inguinal region. Within a few hours he developed a 
definite lymphangitis, there being a hard cord-like lym- 
phatic vessel running from a few centimetres above the 
internal malleolus to a superficial inguinal gland. Over 
the inguinal area a patch of skin about ten centimetres 
(four inches) in diameter became erysipeloid. “Ichthyol” 
was applied to this area and along the lymphatic vessel. 
During the next twenty-four hours further rigors occurred 
and the temperature was very irregular, ranging from nor- 
mal to 38.9° C. (102° F.), the variations of temperature 
not conforming to any type and the pulse varying in ac- 
cordance with temperature. 

In ten days time the lymphatic condition had subsided 
and the patient was apparently normal. 

Careful examinations failed to reveal any local lesion 
which could have been responsible for the lymphatic in- 
fection. 

For about one month this officer remained apparently 
healthy and normal, but then began to suffer from general 
malaise. 

During the next forty-eight hours his temperature rose 
again to 38.9° C. (102° F.) and he had several rigors. On 
examination two small tender superficial glands were felt 
in the left inguinal region. “Ichthyol” and foments were 
applied locally and iodide of potash was given by mouth 
after the first few days. 

A differential blood count was made and was as follows: 

Polymorpho-nuelear cells .. .. 60% 

Lymphocytes (large, small and transitional) .. 29% 

The noticeable feature of this is the increase of eosino- 
phile cells and the corresponding reduction in the propor- 
tion of polymorpho-nuclear leucocytes. The eosinophile 
cells themselves consisted of equal numbers of small cells 
with very large granules and showing very little cytoplasm 
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and of large cells with slightly smaller granules showing 
a considerable amount of cytoplasm. 

The above treatment was continued for eighteen days 
during which time the temperature continued to rise at 
irregular intervals and one. gland apparently subsided, 
whilst the other continued to enlarge and become more 
tender. 

A great number of blood counts and examinations of 
blood for parasites were carried out at all hours of the 
day and night. On all occasions differential white cell 
count was practically as given above and on no occasion 
was any parasite or any other abnormality detected. 

As the response to medical treatment was unsatisfactory, 
it was decided to remove the glands under general 
anesthesia. 

At the operation the whole inguinal area was noted to 
be exceptionally vascular and small collections of pus were 
found among the loculi of fat in the vicinity of the in- 
flamed glands. Slides and eultures were made from this 
pus. 

A mass of fat containing three obviously pathological 
glands were removed. 

The wound was closed and the patient made an un- 
interrupted recovery leaving hospital fourteen days later. 


Previous History. 


During the previous ten years this officer had been to 
various parts of the world, his last trip outside Aus- 
tralia being to Singapore about eighteen months previous 
to this illness. Whilst on this trip the patient became 
seriously ill and after some weeks of intermittent vomit- 
ing returned to Sydney where a laparotomy was per- 
formed.- A kinked and more or less inflamed appendix 
was removed and adhesions surrounding the duodenum 
were suitably dealt with. 

Course of Illness. 

On leaving hospital the patient’s blood contained 5% 
eosinophile cells and four months later 1%. 

The patient’s health has been average. About two 
months after discharge from hospital there was tender- 
ness in the glands of the other groin, but these subsided 
under foments in three days. 

No cause for this could be detected and the eosinophile 
cells in the cireulation did not increase. 


Examination of Material obtained at Operation. 
The pus obtained from between loculi of fat contained 
about 50% of eosinophile cells in various stages of de- 
generation, the majority being apparently aasaaie This 
pus. was sterile on culture. 


On macroseopical examinations the glands were seen to 


include cireular necrotic areas, the larger ones having 
gone on to cavity formation. ~The gland tissue other than 
the necrotic areas seemed normal and the abrupt ending 
of the neerotie areas was most striking. 

‘The cultures made from the necrotie areas were sterile. 

On microscopical examination the glands were found to 
contain collections of eosinophile cells. These collections 
were more numerous in the vicinity of the cavities than 
elsewhere: 

Lymph nodes are well marked and between the nodes 
the gland tissue has collections of large pale cells varying 
in size and shape. 


Some of these cells have a concentric arrangement. 
whilst others are collected in solid formation suggesting a 
new growth. 

There are no hemorrhages into gland tissue, but some 
degree of extra-capsular hemorrhage is present. 

The area containing the large pale cells also contained 
a considerable number of young blood vessels. 

In this case I have not been able to determine the cause. 
The condition may be tropical bubo, bubo resulting from 
infection by intestinal parasites or filariasis. 


Tropical Bubo. 

There is a condition which medical officers in the ser- 
vice refer to by this name and in which buboes form for 
some unknown reason. 

_If these buboes are opened they take a very long time 
to heal, but when excised as was done in this ease the 
condition clears up satisfactorily. 

None of the medical officers who have treated such 
patients, can tell whether there is an eosinophilia present 
or not and I cannot find any mention of the condition in 
text books. 

Bubo, the Result of Infection by Intestinal Parasites. 


The last issue of The Journal of the Royal Naval 
Medical Service mentions cases of bubo caused by intes- 
tinal parasites and we know that eosinophilia is one of 
the accompaniments of infestation by intestinal parasites. 

In this case, however, there were no other symptoms of 
this and I have not discovered any signs. 

Filariasis. 

In “Some Results of Medical Researches in the Western 
Pacific’ by T. W. O’Connor, reprinted by the Royal 
Society; Tropical Medicine and Hygiene (May 18, 1922. 
page 37), cases are described in which the symptoms and 
pathological findings have a considerable resemblance to 
this case. 

My provisional diagnosis of this case prior to operation 
was bubo due to filaria, my explanation of symptoms be- 
ing as follows. 

The first rigor with lymphangitis was due to a filaria 
passing into an inguinal gland. Here the parasite be- 
came quiescent and then about one month later became 
active for a short while and died, causing the second ill- 
ness with the persistent enlargement of the glands. 


Hypertrophy of Gums. 


On arrival from England this rating reported to the 
Dental Surgeon. 
He was found to have hypertrophy of the mucous mem- 


‘brane of the hard palate which was heaped up anteriorly 


into large ruge, almost obscuring the buccal surface of the 
teeth. The mucous membrane external to the teeth was 
also hypertrophied ane the outer surface of the 
teeth. 
History. 

inate six weeks previously this rating noticed that he 
had difficulty in cleaning his teeth on account of the en- 
largement of the gums. Since this time the gums have 
enlarged slightly more. 
- There is no pain, but recently slight tenderness to pres- 
sure has developed. This, of course, may be due to the 
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. fact that a considerable amount of decomposing food has 
accumulated between the gums and teeth, but there are no 
signs of inflammation present. 

Snippings were taken and paraffin sections cut, stained 
and examined. 

Microscopical Appearance of Gum Specimens. 

The papillae of the mucous membrane showed more 
layers of epithelial cells than normal, but the individual 
cells are normal in appearance. 

The fibrous centre of each papilla is larger and denser 
than usual and is continuous with hypertrophied fibrous 
tissue between the mucous membrane and the alveolar pro- 
cess. 

There is a small degree of small-celled infiltration at the 

base of a few of the largest papillae, but other than this 

there are no signs of inflammatory reaction. 

In my opinion the condition is a simple hypertrophy of 
two tissues, the mucous membrane and the underlying 
fibrous tissue, the cells of neither tissue attempting to in- 
vade the other. 

The condition is rare, neither of the Dental Surgeons 
at Garden Island having previously seen a case. 

With regard to treatment the authors of American 
dental text books advised removal of the whole alveolar 
process. They contend that the condition starts as a 
hypertrophy on the alveolar periosteum. 

It is worth noting that this man denies syphilis and his 
serum does not react to the Wassermann test. 

The subsequent history of this man is most interesting. 

On April 20, approximately one month after the snip- 
pings from the gum were taken, the rating was admitted 
to hospital with an enlarged gland at the left angle of the 
mandible. 

On April 26 his temperature was 39.1° C. (102.4° F.) 
and there was a certain amount of swelling of all cervical 
glands. 

From this time until May 9 the patient’s temperature 
was usually 37.2° C. to 37.8° C. (99° F. to 100° F.) and 
various glands became enlarged. 

On April 9 after being drowsy for about twenty-four 
hours the patient died suddenly, general lymphatic enlarge- 
ments being then present. 

A blood film made on April 28 showed a picture of 
lymphatic leuchemia. 

A post mortem examination was performed by Dr. Teb- 
butt and the following points noted. A general enlarge- 
ment of lymphatic glands was present. The cervical 
glands were most affected. There was hyperplasia of the 
red marrow of the medullary cavity of the long bones. 
Infiltration of portion of the lungs with lymphocytes was 
noted, the condition resembling lympho-sarcoma. 

Tht hypertrophy of the gums in this case was the first 
sign of an acute lymphatic leuchemia. 


Aspergillosis. 
A specimen of sputum was forwarded for examination 
for tubercle bacilli, the only clinical notes being that the 
patient had a cough accompanied by considerable sputum 
for some time and was suspected to be suffering from 
tuberculosis. 
Macroscopically the specimen was seen to consist of 
semi-transparent papyraceous plaques varying in size up 


to twelve millimetres in diameter and of a faint yellowish 
green tinge in a thin milky fluid. The plaques did no 
float and were of a very tenacious structure, considerabh 
foree being required to tease them out with pins. 

The sputum was odourless. 

Microscopically the milky fluid was found to consist of 
bacteria of various sorts and large numbers of Gran. 
positive spores, the majority of which started to grow. 

The solid elements of the sputum consisted of densely 
matted hyphe. 

The greater part of the masses of hyphe were Gram. 
negative, but small portions here and there retained the 
stain to a varying degree. 

Scattered about in the network were masses of almost 
spherical spores, which did not show any signs of growing 
and which were strongly Gram-positive. 


NOTES ON THE COMPLEMENT FIXATION TEST FOR 
TUBERCULOSIS AND DREYER’S ANTIGEN. 


By Cuartes Bapuam, B.Se., M.B., 
Assistant Micro-biologist, Department of Public Health, 
Sydney. 


DurinG@ an investigation into the complement fixation 
test for tubereulosis I have made use of living tuberck 
bacilli as an antigen as recommended by several authors 
and more recently by Punch & Gosse and later of my own 
preparation of Dreyer’s antigen. 

The sera on which this work has been done I have re- 
ceived by the courtesy of Dr. Palmer, of the Waterfall 
Sanatorium, and his assistant, Dr. Rushton Smith. This 
sanatorium is chiefly used for patients suffering from 
chronic pulmonary tuberculosis. During this investigation 
the following interesting facts have been noted by me and 
eall for further inquiry. These facts are: 


(1). The large percentage of sera giving a positive re- 
sponse to the Wassermann test carried out according to 
the technique of Griffith & Scott. Of eighty-four sera 
fifteen gave a positive Wassermann reaction. This fact 
may raise again the question of the specificity of the 
Wassermann test as done by recent cold fixation methods 
on the sera of tuberculous patients. : 


(2). That by the cold fixation method tubercle bacilli 
both living and defatted, owing to their containing lipoid 
material, are capable of acting as antigens in the Wasser- 
mann‘reaction. This fact has been noted by several authors 
in performing the Wassermann test at 37° C. and it is in- 
tensified by cold fixation methods when a highly dilute 
antigen gives more satisfactory fixation in the Wassermann 
reaction than a more concentrated one. 

(3). That Dreyer’s antigen is in my hands as efficient an 
antigen as living tubercle bacilli. So far there has not 
been published any account of the antigenic properties of 
Dreyer’s antigen when tested against tuberculous human 
sera. 

(4). That the complement fixation test for tuberculosis 
may be used for standardizing Dreyer’s antigen. 

(5). That the complement fixation test can be carried 
out in any laboratory where the Wassermann test is done 
and may be regarded as at least 70% efticient, 
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Methods. 

ire methods were used. The first is a cold fixation 
method at 6°C. with an antigen of living tubercle bacilli. 
The second is a method of fixation at 37°C. with a sus- 
pension of Dreyer’s antigen. 

By the first method fifty sera were tested in eight 
series, the test being repeated in all cases. These sera 
were from patients definitely diagnosed as suffering from 
pulmonary tuberculosis. I endeavoured to secure sera of 
patients in whose sputum tubercle bacilli had been found 
within the past year, but in this I was only partly success- 
ful. The clinical evidence in these fifty patients was that 
they were suffering from pulmonary tuberculosis at dif- 
ferent stages. Of these sera thirty-six gave a positive re- 
action to the complement fixation test for tuberculosis 
(72%) and fourteen a negative reaction (28%). Among 
those sera causing complement fixation with the tuber- 
culosis antigen were nine sera which also gave a positive 
reaction to the Wassermann test, as: performed according 
to the technique of Griffith & Scott. 

In using any cold fixation method with tubercle bacilli 
as an antigen, living or defatted, the fact that these bacilli 
will act as a Wassermann antigen must be taken into ac- 
count; this will seriously interfere with the use of the 
cold fixation methods in the complement fixation test for 
tuberculosis. 


Complement. 

Following Griffith & Scott’s work on the varying fix- 
ability of complement being of more account than the 
varying haemolytic activity, I have used a fixed amount 
of complement in this test. With the practice of super- 


. sensitization which they advocate, the hemolytic activity 


of the serum of selected male guineapigs varies very little; 
the amount of complement used may be taken as the 
equivalent of one and a half to two minimum hemolytic 
doses of other workers. 

Antigen. 

This was prepared by washing off with saline solution a 
slant of tubercle bacilli grown on Dorset’s egg medium 
(a sufficient growth is present in from three to four 
weeks) and shaking vigorously with glass beads. The 
amount of saline solution used varied from fifty and 
seventy-five cubic centimetres. The same strain of tubercle 
bacillus was used throughout and also in making Dreyer’s 
antigen. It was isolated early this year by Miss Ethel 
Pinkerton of this Department from the sputum of a patient 
who died later from pulmonary tuberculosis. It was shown 
by Dr. E. W. Ferguson, Principal Miero-biologist of this 
Department, to be a human strain by rabbit inoculation. 


~The antigen was used diluted so that at most it would 


absorb half a minimum hemolytic dose of complement or 
one-third of the amount of complement used in the test, 
but when the protective power of a “negative” serum was 
considerable and the antigen was adjusted so that it was 


_anti-eomplementary even to one and a half minimum 


hemolytie doses or.the whole amount of complement used 
in the test, it still gave clear eut results similar to the re- 


‘sults obtained with a less concentrated antigen. 


Technique. 
The total volume used in the test was one cubic centi- 
metre. A drop method of a type described by McDonald 


is relied on to deliver the reagents in equal volumes of 
0.25 cubic centimetre. Pipettes were graduated by means 
of a Wynn and Timmin’s standard wire gauge and used 
in a Duffy’s pipette holder. Fixation was allowed to take 
place for eighteen hours at 6°C. On the addition of the 
sensitized red cells incubation at 37°C. for half an hour 
followed. 

By the second method with the use of Dreyer’s antigen 
which I had prepared, I examined the sera of sixty-two 
patients all of whom had tubercle bacilli in their sputum. 
Of these forty-six gave a positive reaction to the test 
(74.2%), the weaaindes failed to react. 

In this method the fixation was accomplished in the 
usual manner at 37°C. for half an hour. The antigen used 
was an emulsion of tubercle bacilli, dried and defatted as 
described by Dreyer until they were no longer acid fast; 
0.25 cubie centimetre, of an emulsion containing 0.2 
milligramme of these bacilli to the cubic centimentre was 
used. 

This antigen was anti-complementary to the extent of 
less than half the complement .used, which was the equi- 
valent of two minimum hemolytic doses. This is a difficult 
antigen to handle in the cold fixation method and despite 
the prolonged treatment with “Formalin” and acetone, it 
still contained sufficient lipoid substances to exhibit Wasser- 
mann antigenic properties. 

By the two methods described I have tested over one 
hundred sera sent in for routine Wassermann test. Of 
these 4% gave a positive reaction to the complement fixa- 
tion test for tuberculosis, that is apart from those sera 
which gave a positive reaction for the Wassermann test 
and which accordingly gave a positive reaction for the 
complement fixation test for tuberculosis when the cold 
fixation methods were used. Of this 4% I could not ob- 
tain any clinical grounds justifying the reaction. 

I do not propose to review the literature dealing with 
the complement fixation test for tuberculosis. Several 
important papers have recently been published. 

In conclusion I ean only deseribe my work as a series 
of preliminary trials in this important investigation. After 
studying their articles I cannot subscribe to the statement 
of Punch & Gosse to the effect that their work with living 
tubercle bacilli as an antigen “gives merely the finishing 
touch” to the work that has gone before. In my hands a 
similar method made more sensitive by ice-box fixation has 
not given such good results. I think that the complement 
fixation test for tuberculosis will quite shortly be placed 
on a more sure basis. Already English authorities have 
reported series of tests which they consider 90% efficient, 
and I am optimistic that with further work I could get 
much better results than those T have so far obtained. 


The Preparation of Dreyer’s Antigen. 

In the preparation of this antigen which I commenced 
on the receipt of The Journal of Experimental Pathology 
in August last, I used tubercle bacilli which had been iso- 
lated from a human being. The rate of growth was slow. 
The cultures used in August were two months old. They 
were made by Mr. R. Grant of the Department of Public 
Health. The process of treating the baeillary mass with 
“Formalin” for four hours at 100°C. and acetone for 


twenty-four hours at 65°C. in a Soxhlet apparatus, had 
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to be repeated three and four times before the great bulk 
of the bacilli were no longer acid fast. Unfortunately 
Dreyer gives no rule for testing this acid-fast character. 
I was finally content with defatted bacilli in which only a 
very small percentage retained their colour after fifteen 
minutes’ treatment in 20% sulphuric acid. It may be that 
laboratory strains of tubercle bacilli frequently sub- 
cultured will prove much easier to treat and deprive of 
their acid-fast quality. As I have mentioned before the 
strain of bacilli which I used, was only isolated early in 
the year and had been sub-cultured but two or three times 
before it was seeded on glycerine veal broth. 


COMPLEMENT FIXATION TEST IN TUBERCULOSIS 


By Lucy M. Bryce, M.B., B.S., B.Sc., 
and 
Miss F. E. 
From the Walter and Eliza Hall Institute of Research. 


' Tus test has been carried out in the Walter and Eliza 
Hall Institute for about twelve months. One of us (Miss 
Williams) has done the actual serological work and the 
other (Dr. Bryce) has endeavored to correlate the results 
obtained with the clinical findings in order to gain some 
idea of the value of the test up to date. 


T 

With the exception of the antigen the reagents and 
methods are identical with those used in the Harrison 
method of performing the Wassermann test. 

Summarized briefly, these are as follows. 


Haemolytic Systems. ‘ 

The hemolytic system is a 6% suspension in normal 

saline solution of washed sheep’s cells with equal parts of 

titrated and suitably diluted hemolysin obtained from 
serum of rabbits previously injected with sheep’s cells. 


Complement. 


Serum is used from healthy adult male guinea pigs, 
titrated against sensitized red cells in order to find out 
its minimum hemolytic dose. 


Test Serum. 

The serum to be tested is obtained in usual way. Five 
to ten cubic centimetres of blood are required. It is 
placed in the incubator for twenty minutes; the clot is 
then separated and the serum in contact with the clot is 
placed on ice for twenty-four hours. The clear serum is 
then pipetted off, centrifugalized, if necessary diluted one 
in five, heated to destroy complement and stored on ice 
till required. It is inactivated again on the day of test. 


Antigen. 

Many different antigens have been tried by various 
workers. A. L. Punch, in an article on this subject in 
The British Medical Journal (September 22, 1923) quotes 
Miller’s classification of these antigens into four groups 
which are as follows: 

Group 1.—Suspension of whole or ground up bacilli. 

Group 2.—Antigens which may be classified as tuber- 
culins. 


Group 3.—Extracts of derivatives of tubercle bacilli. 
Group 4.—Extracts of normal or tuberculous tissues, 


From his survey of the literature and his own experi- 
ence Punch has found that antigens belonging to Group 1 
have proved the most satisfactory. The antigen which we 
have been using here, also belongs to this group. Others 
have been tried on the same sera at the same time, but 
have proved less satisfactory than our antigen of group 1 
type, which is made from a 1% suspension of-dead tubercle 
bacilli in carbolized saline solution. 


The method is as follows. Strains of bacilli of human 
type obtained from various sources are grown on glycerine 
broth till the cultures are of suitable size. The broth js 
then poured off and the bacilli killed in the flask by heat- 
ing in an Arnold steam sterilizer at 100° C. for one hour. 
The mass is then removed from the flask by the addition 
of a little saline solution and thoroughly dried by pres- 
sure filtration and subsequently by being placed in a silight- 
ly warm oven. This material is then ground up and 
emulsified in carbolized (0.5%) normal saline solution in 
the proportion of one part bacillary mass to ninety-nine 
of saline solution. This is allowed to stand and is subse- 
quently centrifugalized till the supernatant fluid is quite 
clear. This is done because the presence of bacilli in the 
fluid is found to have strong anti-complementary action. 


The features of this antigen which have proved satis- 
factory, are that it does not give pseudo-positive results 
with syphilitic sera and that a majority of the positive 
reactions have been strong (P + + +) id est more than 
six minimum hemolytic doses. 


In view of the recent publication of Dreyer’s work, we 
should perhaps mention that on one occasion an antigen 
was made by his method, but as it was thought at the time 
that the cultures available might not be suitable, this was 
done rather to gain experience of Dreyer’s technique than 
to assess the value of his antigen. It did not prove in 
this instance nearly as good as the carbol-saline extract, 
frequently failing to give a reaction when the latter gave 
a “P + + +” reaction. 

In the main test four rows of tubes are set up, row 1, 
2 and 3 each containing the same amounts of serum and 
antigen (0.1 cubic centimetre, that is two drops from a 
0.05 cubic centimetre dropping pipette), but the amount 
of complement is varied, rows 1, 2 and 3 containing three, 
four and a half and six minimum hemolytic doses re- 
spectively, the complement having been previously diluted 
so that three minimum hemolytic doses are contained in 
one volume. The total volume in each tube is equalized 
by addition of the necessary amount of saline solution. 
The fourth row contains three minimum hemolytic doses 
of complement and no antigen, being the serum control. 
Antigen controls containing 0, 0.1 and 0.2 eubie centimetres 
of antigen in first, second and third rows respectively are 
also put up. Pooled positive tuberculous and syphilitic 
sera are always included in the series tested and a Wasser- 
mann test is done on every serum tested for tuberculosis. 
This method is illustrated in Table 1. 

By Harrison’s method racks set up as above are in- 
cubated for one hour. at 37° ¢.; sensitized ‘ted cells are 
then added and a further incubation is given for one hout 
or until all controls have completely hemolized. 
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TABLE I —ARRANGEMENT ON REAGENTS IN Test. 


TEstT 


Saline Solution Complement Complement 
Row Drops Serum Antigen Drops Saline Solution Antigen Drops 
1 2 2 2 2 6 0 2 
2 1 2 2 3 4 2 2 
3 0 2 2 4 2 2 3 
4 4 2 0 2 4 2 4 


The fourth row is the serum control. 
After incubation for 1 hour, two drops of sensitized red cells added. 
After further incubation for one hour, readings are taken. 


In the ice box method which has also been tried on 
some of the sera and to which I| will refer again, the racks 
are placed in the ice box over night, red cells are added 
next morning and a further incubation for one hour or till 
controls have hemolysed is given. 

In reporting the results to clinicians any reaction short 
of complete inhibition of hemolysis in row one is given 
as “negative” and in compiling the following figures I 
have considered such readings as “negative” also. 


Correlation with Clinical Data. 


The number of individual sera which have been tested 
is 622. In some cases, however, more than one examina- 
tion has been made of serum from the same patient and 
in others no details of the histories have been available, 
so that in the analysis given below only 503 cases have 
been considered. 

The sera tested include: (i.) Serum from persons proved 
to have tuberculosis, the proof accepted being the demon- 
strated presence of the tubercle bacillus in the sputum, 
urine, cerebro-spinal fluid. These sera have been obtained 
from patients at the Melbourne Hospital, Children’s Hos- 
pital, Greenvale Sanatorium and Austin Hospital. Dr. de 
Crespigny was also good enough to send us sera from 
some very interesting cases at the Adelaide Hospital. (ii.) 
Serum from patients with clinical or suspected tuberculosis, 
when the clinician sending it has wanted confirmation of 
his opinion. By its value in such cases as these the test 
will ultimately stand or fall, as clinically it is obviously 
unnecessary after bacilli have been found in the sputum or 
elsewhere. (iii.) Serum sent for other tests, such as the 
Wassermann, hydatid or gonococeal complement fixation 
tests. These have been tested with tuberculosis antigen to 
establish the specificity of the latter. 

I have, therefore, classified the sera, when the clinical 
data have been sufficient to do so, into four groups: 

(1) Proved tuberculosis. 

(2) Clinical tuberculosis. 

(3) Suspected tuberculosis. 

(4) Non-tuberculous conditions. 

This is not an entirely clear cut and satisfactory classi- 
fieation, as there are some cases in group (2) which I 
would like to be able to place in group 1. Group (2) and 
group (3) also obviously overlap, but I have, as far as 
possible, sought the cooperation of the clinicians under 
whose care the patients were. Dr. F. B. Lawton especial- 
ly has been very helpful, in sending a large number 


of serum specimens from suspected tuberculosis from his 
Out Patient Clinic.’ 


(1) Proved Tuberculosis. 

The test has been carried out with the serum of seventy 
patients, in fifty-three of whom a reaction was obtained, 
75.7%. 

An interesting point is that in twenty-nine of “these 
fifty-three, that is in more than 50%, the reaction was 


“p +.” 
The figures are given in Table II. 


TABLE 11.—Proved Tuberculosis. 


“P + + --” (fixing six or more minimum 
hemolytic doses of complement) 
“pt + (fixing four and a half to six 
minimum hemolytic doses) ne 9 
<P al (fixing three to four and a half 
minimum hemolytic doses) . 
Positive with Wassermann reaction 


53 = 75.7% 
17 


Total Positive 
No reaction 


70 


These fifty-three patients all had pulmonary tuber- 
culosis, but in one the bacillus was found in the cerebro- 
spinal fluid, the patient being admitted with meningitis; 
the post mortem examination revealed old apical caseation 
and cavitation and a recent miliary tuberculosis involving 
the lungs and meninges. 

The seventeen patients whose serum did not fix comple- 
ment have been analysed, but I have not been able to find 
a common factor to account for their failure to reaet. 
They include individuals of various ages, whose illness 
varied in duration from two months to several years and 
whose local signs varied from those of slight apical in- 
volvement to those of well marked, actively progressing 
disease. In some there were signs of general toxemia 
(slight pyrexia, malaise, night sweats and so on) and some 
were in a very advanced stage in which the cause of failure 
was probably the asthenic condition of the patient. 
Patients who from this last cause failed to  re- 
act to the von Pirquet test, have not in our series 
given a positive complement fixation. These seventeen 
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- patients all had pulmonary lesions, some complicated by 
involvement of other parts of the body, such as cervical 
glands and bones. A larger series would possibly leave a 
smaller percentage of unexplainable failures, as this group 
includes several examples of eases found by other workers 
to yield “negative” results, that is early and very advanced 
disease. 
(2) Clinical Tuberculosis. 

In this group are cases regarded clinically as certainly 
tuberculous, but in which the presence of the tubercle 
bacillus has not been demonstrated and which, therefore, 
for the sake of strict accuracy cannot be clas..ified as proved 
tuberculosis. It includes three sub-groups. In the first 
are patients with pulmonary disease in whom for various 
reasons no bacilli have been found in the sputum. The 
total number of these is forty-eight of whom twenty-two, 
(id est 45.8%) gave a positive reaction. — 

The figures are shown in Table IIT. 


eases of pulmonary tuberculosis, but also a number of 
other, suspected of being tuberculous only at the time 
when the serum was sent and later, proved to be non- 
tubereulous. As the group is large and the number which 
have been definitely proved not to be tuberculous is, as 
yet, small, I have not attempted to tabulate the group 
in greater detail. Examples of cases which proved non- 
tubereulous is cited. 

A patient was admitted to Melbourne Hospital with a 
pleural effusion. In the course of investigation his blood 
was sent to us for the complement fixation test and a 
“P -+-” was returned by the Harrison method, although 
by the ice box method we failed to confirm this reaction, 
The patient subsequently died and post mortem examina- 
tion revealed a mediastinal malignant growth. This is the 
only ease in which one of those already proved to be non- 
tubereulous has given a positive reaction. Another case 
of suspected tuberculosis was that of a boy who, after 


TABLE 


e _ Reaction to test 
for tuberculosis 


Pulmonary Hip Spine 


Miliary 
Other (including Glandular 
Bone Meningitis) 


Renal Peritoneal 


P+ + 
P++ 2 — 
Positive and Positive Wassermann 
Total Positive 22 2 
Negative .. 25 9 


Negative and positive Wasser- 


mann reaction. 1 
Tota | Negative reaction .. a 26 9 
Total number of cases tested .. 48 ll 


1 = 


i 1 1 
2 2 2 sai 1 
2 2 2 ie 7 
2 3 3 1 1 


-——. 


In the patients who failed to react, there was a similar 
wide range of difference in duration, general condition and 
so on, as in the proved group. 


All patients with clinically certain tuberculosis of bone 


are included in this group and in them a low percentage 
of positive results has been obtained. This is possibly re- 
lated to the fact that no bovine strain has been used in 
the preparation of the antigen. 

The third division is a heterogeneous group, too small 
to be of any statistical value. 
with miliary tuberculosis of whom one yielded a “P + --” 
reaction, one patient with tuberculosis of the kidney who 
yielded a “P + + --” reaction, three patients with glan- 


dular tuberculosis, one associated with pulmonary tuber- 


culosis, one with tuberculosis of the tarsus and one with 
uncomplicated tuberculosis. The first of the three yielded 
a “P +” reaction, while neither of the other two reacted. 


Finally there was one patient with chronic adhesive tuber- 


culous peritonitis, diagnosed at operation. No reaction 


was obtained. 


Summarizing the above, we find that of forty-eight pa- 
tients with pulmonary tuberculosis twenty-two or 45. 8% 
yielded a reaction, of twenty-five with bone tuberculosis 
four or 16% yielded a reaction and of eight with various 


forms of tuberculosis three or 37.5% yielded a reaction. 


This gives a total of eighty-one patients of whom twenty- 


nine or 35.8% yielded a reaction. 
(3) Suspected Tuberculosis. - 


It includes three patients 


This is a large group, including probably most early 


typhoid fever had most persistent intermittent pyrexia for 
some weeks. Generalized tuberculosis was suspected and 
his blood sent for complement fixation test; no reaction 
was obtained. He subsequently recovered with no evi- 
dence of tuberculosis. Many of these patients present such 
indefinite clinical syndromes, including perhaps only one 
or two of the symptoms of early tuberculosis, that no 
definite conclusion can be drawn from them. There is 
among this group a number from the Out-Patients’ De- 
partment of the Melbourne Hospital whom it will be in- 
teresting to keep under observation for the next year or 
more, to ascertain whether they subsequently develope 
proved tuberculosis and if they do, at what stage in their 
illness the complement fixation test first yields a reaction 
(see Fable IV.). 
(4) Non-tuberculous Conditions. 

This group includes those sera sent for the hydatid or 
Wassermann test, on which the tuberculosis complement 
fixation test has been applied for the purpose of con- 
trolling it and establishing its. specificity. 

Of these none gave a greater reaction than “P --” and 
only three gave this reading. In one there was no evi- 
dence of tuberculosis, a second was insufficiently investi- 
gated, while the third was suffering from — pernicious 
anemia and post mortem there was at the apex of *' 
right lung a small old caseating tubereulous focus, On¢ 
hundred and seventy-five failed to react to both the tuber 
culosis and Wassermann tests, while forty-four gave 4 
positive Wassermann reaction. 
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Specificity. Of these eighteen which yielded a complement fixation 


: : reaction for tuberculosis, also yielded a reaction for hydatid 

‘disease but none to the test. The sera 

A positive Wassermann reaction together with comple- which yielded a reaction both in *the Wassermann test 
nent fixation with tubercle bacilli antigen has been present and in the hydatid complement fixation test, and belonged 
in five patients proved to be suffering from tuberculosis to persons known to have both diseases, failed to react 
in two of whom a history of syphilis was also present. to the complement fixation test with tubercle bacilli antigen. 
A reaction was also obtained in a patient with typical There can be no doubt about the specificity of the 
apical tuberculosis. The presence of bacilli was not re- complement fixation reaction for tuberculosis when this 


corded and the positive Wassermann reaction was pro- technique is used. 


TABLE IV TUBERCULOSIS, 


Reaction to test Pul- Peri- Glan- Other 
for tuberculosis monary. Pleural Renal Miliary toneal dular Spine Hip bones Skin Unknown 


P+++ 


| 
_ 


P+ ee oe oe 1 _ 1 
Positive and positive Wassermann 


Total positive 


Negative .. AO 14 
Negative and positive Wassermann 


Total with negative reaction -- 82 14 
91 


Total number of cases tested 


bably incidental. It was also obtained with the serum of Comparison Between Ice Box and Harrison Methods. 
a patient with pleurisy with effusion in whom tuberculosis 
wag strongly suspected, and in whom there was also evi- The above results were those given by the Harrison 
dence of syphilis. Of seven patients, therefore, whose method only which has been used for all the sera tested. 

The ice box method has been used in conjunction with the 


sera have reacted to both tests, there is evidence that both 
diseases were present in three and the possibility of cross- Harrison ih approximately three hundred eases. From 
ing in four. But against this ninety-four sera fixing from the results obtained, it appears that the ice box method is 


three to six or more minimum hemolytic doses with the slightly more sensitive, giving some positive results in 
tubercle antigen have fixed none with the Wassermann proved, clinical and suspected tuberculous sera with which 
fifty-six the Harrison method failed, but on the other hand, it ap- 
— have not given any resection with tubercle pears to give pseudo-positive results with syphilitic sera 

: and with sera, otherwise not reacting from patients in 


With Regard to Hydatid Disease. 
The three complement fixation tests for hydatid disease, whom tuberculosis was not suspected. Table V. gives the 


tuberculosis and syphilis have been done with 158 sera. 


results in tabular form. 


TABLE VI.—P.evurat Fiuvips . 


Serum | 


Chest Fluid 


No. Harrison Ice Box Harrison Ice Box 
Method Method Method Method 


P++ Inflammatory effusion, Wassermann reaction (+++), 


Affection 


158 P+++ - 


husband tuberculous. 


156 Neg. Neg. Neg. Neg. Repeated effusion, probably malignant. 
157 P++ - Neg. Neg. ? Tuberculosis, Wassermann reaction (+ + +). ; 
256 Neg. P+ Neg. Neg. ? Tuberculosis, fever, severe sweats, vague broncho-pneumonic 
signs. 
416 Neg. Neg. Neg. Neg. ? Tuberculosis. 
442 Neg. Neg. Neg. Neg. ? Tuberculosis. 
578 P+ P+ tr. Neg - ? Tuberculosis. 
- ? Tuberculosis. 


++ = 
Not examined — ? Tuberculosis. 
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TABLE v.—Comparisons between Harrison and Ice Box 
Methods. 


e 
Harrison method positive (P or over), ice box method 
Harrison method “negative,” ice box method positive 14 


Proved tuberculosis 2 
Suspected tuberculosis 5 
Unsuspected 2 
With Wassermann reaction .. .. .. 3 
Both positive to same degree... .. AY 
Both positive (Harrison method stronger than ice box 
method) 2 


Both pesitive (ice box method stronger than Harrison 


Body Fluids. 

Body fluids other than sera have been examined in some 
cases, chiefly pleural fluids, and occasionally cerebro-spinal 
and synovial fluids. In these cases we like to test a sample 
of serum at the same time. The fluid has been diluted 1 
ir. 5 and inactivated on day of testing., 

The results obtained with the pleural fluids and sera are 
shown in Table VI., while the results with pleural ef- 
fusions in which the sera only were tested are shown in 
Table VII. 


TABLE VII.—Serra FROM PATIENTS WITH PLEURAL EFFUSION. 


Methods 
No. Affection 


Harrison \Ice Box 


9 Neg. | Neg. | Recurrent effusion—probably malignant 

disease. 

Small pleuritic effusion after appendicec- 
tomy. 

Pneumonia, with delayed resolution and 
continued slight pyrexia ; also cardiac 
failure. 

? Tuberculosis. 

Recurrent effusion, mediastinal malig- 
nant disease. 

? Tuberculosis; inoculated guinea pig 
has enlarged inguinal glands. 

Pleural effusion in case of nephritis. 
Pleural effusion, tubercle bacilli in 
sputum. 
519 Neg. | Neg. | ? Tubercuiosis ; 


(+++). 
Neg. | ? Tuberculosis; Wassermann reaction 


(++ tr.). 
Tuberculosis. 


111 Neg. | Neg. 


Wassermann reaction 


Neg. |? 


Dr. W. Camac WiLKInson referred to some work that 
he had performed on complement fixation in tuberculosis 
and quoted the recent important work of Engel and Bauer 
on this aspect of diagnosis. These and other workers at- 


tributed the effects of the action of the tubercle bacillus 
the disintegration of the endotoxins and urged that son 
of the complement fixation phenomena might be produce 
by varying immunity products. The speaker emphasize 
the fact that immunological methods of diagnosis ofte, 
gave misleading results because the immunity reaction {9 
tuberculosis was not necessarily humoral but cellular. |, 
was much more impressed by the use of tuberculin ag q 
diagnostic method, 

Dr. F. Guy Grirrirus said in reference to some remark 
by one or two clinicians that instead of criticising the 
pathologists for the present incompleteness of their - 
sults, not yet claimed to be final, the clinician should yp 
grateful to them for their scientifie work which was 
interesting and so likely to be very helpful in the futur. 
The speaker referred to the first application of Bordet and 
Gengou’s complement fixation reaction by Wassermann and 
Bruck to tuberculosis and how their attention had been 
diverted to syphilis. The work on tuberculosis was kept 
alive, however, by Arloing and Courmont and others and 
the speaker hoped that the present wave of enthusiasm 
would lead to great and important results. 

Dr. Gorvon Histor said that he spoke as a clinician 
and that in his opinion a positive complement fixation test 
could not be taken as an indication of activity of the 
tuberculous lesion nor could it by itself be taken as a proof 
of infection by the tubercle bacillus, but that in conjunc 
tion with other tests, clinical, radiological and_bacterio- 
logical, it could be regarded as a distinct help in the diag- 
nosis of early tuberculosis. 

Dr. A. H. Tessurr stated that he wished to emphasize 
the fact that Wassermann reaction was unlike the tuber: 
culosis complement fixation test in that it was an index 
of infection and not of immunity. The Wassermann test 
was reliable clinically, but many of the other fixation tests 
were not nearly as accurate from the clinical point of 
view. He referred to the uncertain and indefinite results 
in gonococeal infection confined to the anterior portion of 
the urethra. In complicated cases, such as gonococcal 
arthritis, the test was much more reliable. He referred to 
the work which had been performed at the Walter and 
Eliza Hall Institute on the Casoni reaction and suggested 
that in the future some such correlation of the cutaneous 
reactions in tuberculosis with the fixation test might be 
discovered. He asked the clinician to bear this in mind 
and by further investigations to help to throw light on. the 
various problems of immunity in. tuberculosis. 

Dr. W. J. Penroup stated that he was interested to 
know whether there was any definite correlation between 
the complement fixation and the von Pirquet reactions. He 
also wished to know whether any experimental work on 
the immunity reactions in animals had been performed. 

Dr. C. BapHAm congratulated Dr. Bryce on her paper 
and referred to the lack of understanding on the part of 
the clinician. He was convinced that if the study of these 
reactions was persevered with, great advances would be 
made. 

Dr. Bryce replied shortly. With regard to the que 
tions put by Dr. Penfold she stated that as far as could 
at present be stated there was no obvious correlation be 
tween the von Pirquet and the fixation reactions. No 
experimental study of the reactions in animals ‘had as y°. 
been performed at The Walter and Eliza Hall Institute. 
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